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Abstract

Fire is the primary management tool for tallgrass prairie. Spring burns are the

predominant fire season used to manage tallgrass prairie. Alternative fire seasons include

summer and fall bums, which occurred historically due to lightning strikes or by

Aboriginal people purposely igniting the prairie. The best fire season for tallgrass prairie

management has not been thoroughly examined. Researchers have focused on the effects

of fire on plant communities whereas arthropod communities, including spiders, have

received little attention. To address this issue, a study was developed to determine if

there was an optimal season to burn tallgrass prairie using spiders as one of the

bioindicators. The burn seasons examined were spring, suffuner, and fall. All burns were

conducted in l99l and sampling took place from 1997 to 2000. The spider community

was positively affected by fire season, based on alpha and beta diversity indices. Of the

three seasons, the surnmer and fall burns were the best overall in that they tended to have

the highest diversity and evenness. The spider community of the tallgrass prairie was

diverse, containing 126 species, including 8 new provincial records. The tallgrass spider

community was initially dominatedby Pardosa moesta Banks but P. distincta

(Blackwall) became dominant in the summer and fall burn treatments. The P. distincta-

dominated community exhibited the highest community stabitity because it exhibited

resilience and resistance. Pardosa distincta was not found in the adjacent aspen forest,

indicating that it is restricted to the tallgrass prairie. The recommendation to tallgrass

prairie managers based on the results of this study is to incorporate all three burn seasons

into the long-term fire management plan. A four to five year burn cycle and continued

monitoring of the spider community is also recommended.
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INTRODUCTION

Tallgrass prairie is an important but endangered habitat. Less than lo/o of the

historic range of tallgrass prairie remains in North America (Morgan 1994, Robertson e/

al. 1997). This 1% is comprised of numerous small fragments spread throughout the

central region of North America. One of these fragments is the tallgrass prairie located at

the St. Charles Rifle Range. The St. Charles Rifle Range contains 192 hectares of

tallgrass prairie but has never been regularly managed (Morgan 1994).

The Department of National Defence (DND) is responsible for the tallgrass

prairie found on the St. Charles Rifle Range property. A project was initiated in 1997 to

determine the proper management strategy for this tallgrass prairie. Morgan (1994)

proposed a preliminary management plan based solely on vegetation data. Morgan's

(1994) fourlh recommendation was that plant and insect taxa be monitored to evaluate the

effectiveness of management activities. His fifth recommendation was that the St.

Charles Rifle Range should be burned regularly using controlled burns. Based on

Morgan's (1994) recommendations, a burn management project was set up between the

Univelsity of Manitoba and DND, with Dr. R.E. Roughley as the primary investigator.

Previous research on the use of fire as a management tool focused on fire as the

treatment, without regard for the timing of the burn, and relied heavily on plants as

bioindicators (e.g. Howe 1994). As a result, the effect of summer and fall burns on the

tallgrass prairie has been understudied, as has the impact of fire on non-planttaxasuch as

spiders. To address these issues, the effect of fire season on the tallgrass prairie was

examined using ground beetles, spiders, and plants as bioindicators.

There is some terminology thafneeds to be defined to avoid confusion later on.
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The term burn season will refer to the season in which the burn occurs. For example, a

spring bum is a burn that occurred in the spring. Burn treatments will be refened to by

the season in which the burn occurred. For example, the summer treatment is the portion

of the tallgrass prairie that was burned in the summer. If a season is referred to without

the words burn or treatment, then reference is to the actual season. The unburned area

intended to provide a source of immigrants after fire or as a location for emigrants from

fire to escape to is referred to as the refuge treatment. The term refugia will refer to areas

that are unburned in future management plans.

The purpose of this project was to determine which burn season is the best in

order to manage tallgrass prairie effectively. The objectives of the study were to: (1)

determine the effect of burn season on the plant community, (2) determine the effect of

burn season on the ground beetle (Coleoptera: Carabidae) community, (3) determine the

effect of burn season on the spider (Araneae) community, (4) determine the optimal burn

cycle interval, (5) determine if there is an optimal burn season for tallgrass prairie

management, and (6) determine the uniqueness of the tallgrass prairie fauna. My

component of the project was to examine the third objective and to give input into the last

three obiectives.



LITERATURE REVIEV/

Introduction

Historically, prairie was a dominant habitat in North America, covering 3.6

million square kilometers (Robertson et al. 1997). The area of tallgrass prairie covered

570,000 square kilometers approximately 300 years ago (Howe 1994). It ranged from

southern Saskatchewan and Manitoba, south to Texas and eastward to lowa (Robertson et

al. 1997). Today, only an estimated IYo remains in North America and less than lo/o in

Manitoba (Morgan 1994, NCC 2000, Robertson et al. 1997). The majority of the

tallgrass prairie was destroyed during European settlement in the late 19th century, mostly

due to conversion to agricultural land (NCC 2000, Robertson et al. 1997). Conservation

and restoration efforts to protect the remaining areas of tallgrass prairie have been

ongoing in Canada and the United States. In Manitoba, the active conservation of

remnant tallgrass prairie sites has only been occuning for the past20 years Q.trCC 2000).

The main tallgrass prairie sites in Manitoba are the Tallgrass Prairie Preserve (1820

hectares), the St. Charles Rifle Range (192 hectares), and the Living Prairie Museum (12

hectares).

Tallgrass prairie was historically maintained by fire and, grazing(Howe 1994,

Schwartz and Hermarn 1997). Tallgrass prairie is adapted to disturbance and therefore

active management requires a regular disturbance regime. The historical disturbances

(frre and grazing) have been the primary management method but mowing is also used

(Howe 1994, Schwartz and Hermann 1997). However, fire is by far the most widely used

management technique (Schwartz and Hermann 1997). Without a regular disturbance

regime, the dominant species at all taxonomic levels take over and this results in a
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reduction in species richness and productivity (Collins and Steinauer i998, Reed 1997,

Schwartz and Hermarn 1997). Regular disturbance keeps tallgrass prairie at a high

species richness and high productivity. However, the regime necessary to maintain this

high diversity and productivity is debatable (Cotlins and Steinauer 1998, Howe 1994).

The purpose of this literature review is to discuss the role spiders play in tallgrass

prairie management. It will include an overview of the historical and current trends in

fire management as well as a discussion on the effect of fire on the tallgrass prairie spider

community. The use of spiders as bioindicators will also be discussed as well as some of

the diversity indices used to monitor the effectiveness of prairie management using

bioindicators.

X'ire management of tallgrass prairie

History

Prior to European settlement, tallgrass prairie was regularly burned following

lightning strikes and by Aboriginal people purposely igniting the habitat (Collins 1990,

Howe 1 994, Schwartz andHermann 7997, Wanen et al. 1987). It has been determined

that lightning strikes occured primarily in the late summer-early autumn and that fires

ignited by Aboriginals occurred mainly in early spring or autumn (Schwartz and

Hermann 1997). The frequency of pre-European settlement fires is unknown but annual

burning is commonly used today (Schwafz and Hermann 1997\.



Current trends and issues

Spring is the dominant burn season that prairie managers use to manage tallgrass

prairie (Collins and Steinauer 1998, Schwartz and Hermann 1997). Spring burns favour

late season grasses such as big blue stem and the other key tallgrass prairie grass species

(Schwartz and Hermann 1997). Spring burns are also the least risky in terms of keeping

the fire under control (Schwartz and Hermannlgg7). Some researchers have used

surnmer and fall burns but these studies have been limited. Howe (1994) recommended

summer burns to maximize diversity based on plant species. However, Schwartz and

Hermann (1997) pointed out that Howe's study sites were poor in terms of plant species

richness prior to the summer burns and therefore the results might not be applicable to

species-rich sites. In Manitoba, fne management has used primarily spring burns but

only the Tallgrass Prairie Preserve is burned on a regular basis.

Howe (1994) outlined four premises used in current tallgrass prairie management.

Of relevance to this discussion is the second premise, that fire itself is the treatment, not

fire season, to conserve tallgrass prairie. The current focus oftallgrass prairie

management has been spring burns (Howe 1994) as illustrated by the dominance of

literature on the effects of those burns (see Howe 1994,Warren et ol. 1987). Other burn

seasons have been less thoroughly examined but are starting to be used or recommended

by certain researchers (e.g. Collins et al. 1998, Howe 1994, Roughley 2001).

Howe (1994) discussed two aspects in relation to fire season and tallgrass prairie

management. The first aspect is whether or not fire season affects the resultant tallgrass

prairie community. Howe (1994) used evidence from plants to predict that fire season

would have an impact of the resultant tallgrass prairie. Howe (1994) based his prediction
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on the results of various studies that support his main criteria on why fire season should

affect the tallgrass prairie community. The criteria he used were: (1) differential response

to thatch removal and soil warming, (2) differential response in seeding phenology or

germination requirements, and (3) differential rhizome recruitment. Howe's (lgg4)

prediction was conect for the tallgrass prairie plant community on the St. Charles Rifle

Range (Sveinson 2001). While Howe's (lggl)criteria were written from the plant

perspective, they can readily be adapted to make predictions for spiders as well.

Different spiders are known to have different phenologies and peak activity periods

(Aitchison 1984a). Spiders are also known to show differential recruitment rates in terms

of migration into a burned area (Harper et a\.2000, Riechert and Reeder 1972). The

effect of fire on the reproduction of spiders is not known. Based on the data avallable,

one would predict that the spider community should be affected by fire season as well.

The other aspect Howe (1994) discussed is whether or not dormant season burns

(winter and early spring) were part of the normal disturbance regime of tallgrass prairie.

Dormant season burns were rare historically, calling into question whether they should be

used as the predominate burn season for management. Howe (1994) strongly suggested

that we should be using the historical burn season, i.e. summer and fall burns, to manage

tallgrass prairie because that is the disturbance regime under which it evolved. Roughley

(2001) and Sveinson (2001) both suggested that using avariety of burn seasons is

beneficial to the tallgrass prairie habitat. Summer and fall burns are being incorporated

into the management plans of some tallgrass prairie sites, such as the Konzatallgrass

prairie in Kansas (Collins et al. 1998).
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Effect offire on prairie spider communities

The effects of fire on the spider fauna of prairie habitats are not well known (see

reviews by Bell et aL.2001, Reed 1997, Warren et al. 1987). Spiders are important

predators and can survive the physical effects of fire by finding protection in places such

as cracks in the soil (wanen et al. 1987). However, based on the upper lethal

temperature of most spiders, it is hypothesized that the majority of spiders do not survive

bums and that they recolonize following the burn (8e11 et al.200l). Spider survival after

a fire also depends on the availability of prey, in terms of both density and diversity, in

the burned area (Warren et al. 1987). The pioneer spider fauna in grasslands following

fire includes ceftain species of linyphiids, theridiids, and lycosids (Bell ef a\,2001,

Riechert and Reeder 1972). These species prefer bare ground, are more tolerant to

microclimate changes, and are relatively less dependant on vegetation for web

construction (especially lycosids) (Bell e/ aL.2001). These pioneering species often

decline in numbers over time as the habitat recovers from the effects of fire and old

growth species increase in abundance over time (Bell et al.200I). This recovery period

can be months, years or sometimes decades. In general, species diversity increases over

time following fire in grasslands but the short-term responses can vary (Bell et al. 2001).

Bell et al. (2001) recoÍrmended that more studies are needed to examine the effect of

different burn regimes on spider communities. They also recommended that burning be

conducted on large connected habitats with a rotation of regimes to conserve the highest

species richness and range of stand ages. It is also important that refugia be maintained

and that the inter-burn period be long enough so that the spider faunacan recover (Harper

et aL.2000\.
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Although there are no studies of the impact of fire on spiders in tallgrass prairie in

Manitoba, there have been studies conducted in similar tallgrass prairie habitats in Illinois

(Harper et aL.2000, Rice 1932), Wisconsin (Riechert and Reeder 1972), and Kansas

Q'Jagel 1973). Harper et al. (2000) found that spider abundance significantly decreased

in the 10 weeks following a spring burn. Spider abundance was more negatively affected

in the enclosure study sites (i.e. closed system), suggesting that recolonization from

unburned areas is important for spiders. Rice (1932) found that spider numbers were

lower in burned versus unburned subclimax tallgrass prairie following a spring bum.

Riechert and Reeder (1972) also saw the same trend on two separate prairie plots. On the

subclimax prairie site, spider abundance recovered within a week and species

composition favoured vagrant species. However, on the climax site, spider abundance

did not recover but the species composition was unaffected. They also recorded that

spiders moved from burned areas to unburned areas. The long-term effect of burning on

the spiders was inconclusive, as the abundance of spiders the year following the burn was

not signif,rcantly different. Similarly, Nagel (1973) found that spider abundance was

lower in the burned versus unburned prairie following a spring burn on a prairie in

Kansas. Johnson (1995) found that spider abundance and density was higher in annually

burned Spartina pectinata Link wetlands but species composition was similar. This

increase in spider abundance was correlated with increases in insects, the primary food

source for spiders.

Although the effect of f,rre on the spider community of tallgrass prairie in

Manitoba was unknown prior to this study, predictions could be made based on what is

known about the phenology of spiders in Manitoba. Aitchison (1984a) determined the
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phenology of the spider community in a meadow-aspen forest ecotone at Fort Whyte,

Manitoba. At the family level, lycosids and thomisids had peak activity periods in the

spring. Liocranids, agelenids, and corinnids had their highest activity periods in the fall

and linyphiids were mainly active in the winter. During the snow-free period, the most

abundant spiders were three lycosid species: Alopecosa aculeata (Clerck), Pardosa

moesta Banks, and P. distincta (Blackwall) (Aitchison 1984a). The peak activity period

of the adults of these species did not overlap. The peak abundance of Alopecosa aculeata

was the earliest and P. distincta the latest. This agrees with observations made by Vogel

(1972) on coexisting Pardosa species where the largest species had its peak activity

period earliest in the season and the smallest species had its peak activity period latest.

Based on these observations, the spider species that recolonize following a fire will

depend on which species is active atthattime. Another important consideration is the

activity of females following the timing of the burn. Depending on the phenology of the

species, the females will dictate how many juveniles are present in the burned area.

Female lycosids carry their eggsacs with them and tend to be the only sex active from

July until snowfall (Aitchison I984a, Dondale and Redner 1990). Therefore, the relative

activity of the various species of lycosids on the tallgrass prairie will determine how

many juveniles of that species are present in the burned areas. Females of most other

spider families do not carry their eggsacs and therefore recruitment ofjuveniles into the

burned area will depend on suitable egg laying habitat being present. In conclusion, the

response of the spider species to fire will depend on its phenology, which in turn affects

how quickly it can build up a sustainable population.
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Spiders as bioindicators

Terr e s tr i al b ioindicator s

McGeoch (1998) defines a bioindicator as 'a species or group of species that:

readily reflects the abiotic or biotic state of an environment; represents the impact of

environmental change on a habitat, community or ecosystem; or is indicative of the

biodiversity of a subset of taxa, or of wholesale diversity, within anatea.' Her definition

encompasses the three types of bioindicators. These are: environmental, ecological, and

biodiversity indicators (McGeoch 1998). Environmental indicators are taxathatrespond

to environmental changes or disturbances. Ecological indicators are taxa used to

determine the effect of environmental stress factors on a particular habitat. Ecological

indicators differ from environmental indicators in that they are used to demonstrate the

effect of environmental stresses, not to monitor environmental change. A biodiversity

indicator is a group of taxa or functional group that reflects the diversity of the other taxa

in a given habitat. McGeoch (1998) developed these categories for insect bioindicators

but they can be applied to any terrestrial taxa, including spiders. She also suggested32

criteria to use when selecting taxa as potential bioindicators. Of the criteria listed, the

mole important ones include cost efficiency, abundance in habitalsamples, good

taxonomic knowledge, and availability of good identification keys.

Associated with bioindication is the importance of monitoring which is the

repeated use of bioindicator taxa to determine the environmental condition of a habitat

(McGeoch 1998). Activities related to monitoring can be broken down into three types:

suvey, surveillance, and monitoring (McGeoch 1998). A survey involves making

observations, usually in a set period of time and via a certainmethod, with no
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preconceived notion of what the results should be. Surveillance is a survey extended

over a longer period to provide a time series and to determine the variability/range of

values that may be encountered. Monitoring is intermittent surveillance to determine

how well the taxa follow the predetermined Tesponse.

The importance of biodiversity to conservation has lead to research into ways in

which the biodiversity can be sampled in an effective manner. In a review, Ikemen et al.

(1993) discussed the use of terrestrial arthropod assemblages in conservation planning.

They concluded that terrestrial arthropods are exceptional indicator groups because of

their diversity of species and functional roles, range of body sizes, and distributional

patterns. Kremen et al. (1993) looked at terestrial arthropods as a whole but other

researchers have focused their efforts on a particular group and ways of improving the

use of that group. Holloway and Stork (1991) focused on moths in their review of the use

of invertebrates as bioindicators of human impact. They also suggested that invertebrates

are good indicators, listing qualities similar to those given by Kremen et al. (1993).

Holloway and Stork (i991) gave many examples of how moths have been used as

bioindicators. Oliver and Beattie (1993) examined how well non-experts could sort

samples into recognizable taxonomic units (RTUs). They used spiders, polychaetes, ants,

and mosses for their study. They found that samples of spiders and ants were easily

broken down in to RTUs, each RTU equaling one species. Mosses were the most

difficult to divide into RTUs and polychaetes were slightly better. They suggested that

making use of non-specialists to go rapidly through samples may be a viable option for

certain taxa but that further testing is needed to determine if their results hold true for

other taxa and other iocationsihabitats.
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Diversify meosures

Bioindicators are used at many different organismal levels. Bioindication mainly

occurs at the species level, the population level, and the community level. Species level

bioindication usually involves examining the presence/absence of species. The presence

or absence of a particular species can indicate the stage of succession or habitat quality

(Bell et al. 200I). Population level bioindication involves examining the abundance of

individual species and the relative dominance of species. The community level

bioindication involves examining what complements of species are present as well as

their abundance. This level of bioindication requires the use of various diversity

measures, both alpha (within community analysis) and beta (between community

analysis), to determine what is happening at the community level. A list of the diversity

measures used for this study and their formulae is given in Table 1.

The simplest measure of biodiversity is the total number of species, called species

richness. However, species occur in different abundances with some species being

common and others rare. One habitat could have the same number of individuals for

each species while another habitat could have the same species but one dominant species.

They have the same species richness but their evenness differs. This means that the

measurement of biodiversity is not a simple problem. Instead, numerous measurements

have been developed over the years (Maguran 1988). Magunan (19S8) divided species

diversity measures into three categories: species richness indices, species abundance

models, and proportional species abundance indices. Species richness indices are used to

measure the number of species present in a given sampling unit whereas species

abundance models are used to describe the distribution of the species abundance.
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Proportional species abundance indices combine species richness and evenness, the two

components of diversity (Magunan 1988). There are four commonly used species

abundance models based on rank/abundance: log normal distribution, geometric series,

logarithmic series, and MacArthur's broken stick model. Proportional species abundance

measures have been very popular (Magunan 1988). Examples include the Shannon-

Wiener index, Simpson index, and Berger-Parker index.

Researchers often have their favourite indices and often researchers studying the

same taxa or habitat use the same indices to make comparisons easier. Each diversity

index has its strengths and weaknesses. In the spider literature, Shannon-Wiener index,

Jaccard index and Sorenson coeffrcient are some of the more commonly used indices

(Marc et al. 1999). Bray-Curtis and Morisita-Horn similarity indices are also commonly

used (Dobyns 1997 , Green 1999, Norris 1999). The shannon-wiener index is

proportional to the number of species and the relative abundance of those species (i.e.

evenness) (Magunan 1988). As such, it is biased towards rare species. Another

commonly used index, the Simpson index, is less sensitive to species richness and

therefore is biased towards dominant species. The log series alpha index has not been

used in spider studies so far but has been used in various insect studies (e.g. Elliott 7997,

Holliday 1992,Lafrenière 1994). It is less affected by dominant or rare species.

Therefore, log series alpha index tends to have better discriminatory ability and is less

affected by sample size than other diversity measures such as Shannon-Wiener index

(Maguran 1988). For the similarity indices (beta diversity indices), the Jaccard and

Soerenson indices are referred to as qualitative measures because presence/absence data

are used (Magurran 1988). Morisita-Horn index is referred to as a quantitative measure
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because it takes into account the abundance of the species present. These two types of

similarity indices are best used together in that they complement each other. When using

diversity indices to analyze data, it is best to use a suite of measures (i.e. qualitative and

qualitative measures) to get a better overall idea of what is happening to that community.

Spiders as bioindicators þr tallgrass prairie

Increasingly, spiders are receiving interest as bioindicators (Clausen 1986, Marc

et al. I999,Ruzicka 1986). Spiders have many characteristics that make them suitable as

bioindicators. These are: (l) they are present in large numbers in all habitats; (2) they

respond to disturbances, both in the short term and long term; (3) they exhibit strong

community variations among the various microhabitats; (4) they are all predatory and are

relatively high up in the food chain (Marc et al. 1999). The taxonomy and biogeography

of spiders is continually progressing, allowing them to be used as bioindicators.

Worldwide, 40,000 species have been described (Marc et al. 1999) and the estimated

total number of species is 170,000 (Coddington and Levi 1991). In Canada, an estimated

1500 species occur of which approximately 1400 have been described (Dondale 7g7g,

Bennett |ggg). The provincial faunas are also well known with lists available for

practically all provinces and territories. There are also numerous identification keys

available for the spider fauna of North America. The fact that the identification keys

exist and that the taxonomy of Canadian species is so well known makes using spiders as

bioindicators in Canada relatively easy.

Spiders have been used as bioindicators for prairie studies (e.g. see review by Bell

et al.200I). They have also been used as bioindicators in studies in forestry (e.g.
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Jennings et al. 1988, Pettersson 1996, Buddle et a|.2000), succession (e.g. Gibson et al.

19g2,Hurd and Fagan lggz),bioconcentration of pollutants (e.g. Clausen 1986) and

grazingmanagement (e.g. Gibson et al. L992).

Spiders have only been used as bioindicators of tallgrass prairie management in a

few studies (e.g. Nagel 1973, Rice 1932, Riechert and Reeder 1972). Spiders have been

found to be good bioindicators because they respond to fire and meet the necessary

criteria outlined by McGeoch (1998). Different spider species are known to have

different phenologies and habitat requirements (Aitchison 1984a) which means they will

probably respond differently to different burn seasons. Spiders are easily collected and

tend to be very abundant which makes statistical analysis better because there is

potentially less variation in the data.

For the bioindication of tallgrass prairie management in Manitoba, spiders are

very promising. A provincial species list exists (Aitchison-Benell and Dondale 1992)

and the phenology and habitat preferences of those species are well known (Aitchison

I984a, b). A study on the effect of fire on taiga spider species has also been conducted in

Manitoba (Aitchison-Benell 1994). All these studies and resources provide a good

starting point for using spiders as bioindicators for tallgrass prairie management in

Manitoba. New data collected from tallgrass prairie sites can be compared to the data

collected by Aitchison and to the other tallgrass prairie studies.



t6

Conclusion

Fire has been used extensively as a management tool for tallgrass prairie

conservation. Historically, lightning strikes and fires ignited by Aboriginals maintained

the integrity of tallgrass prairie. These fires occuned predominately in the spring or

autumn but summer burns were not uncommon. Despite this range in burn seasons, only

spring burns are used extensively in management. The use of spring burns has been

primarily due to convenience and convention. Thorough studies on which burn season

(spring, sulnmer, autumn) is best for conserving the integrity of tallgrass prairie have not

been conducted and the effect ofburning on non-plant taxa has not been thoroughly

examined for any type of fire management. However, if various burn seasons are going

to be used in future tallgrass prairie management plans, spiders would be good

bioindicators. This is because they are known to have a variety of phenologies and

therefore would be predicted to respond differently to the different burn seasons. Spiders

are also easily collected and can be identified relatively easily. For Manitoba in

particular, there are good background data available (e.g. phenology, ecology) on the

species in the province, which support their use in the study of management practices.
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MATERIALS AND METHODS

Tallgrass prairie study

Study area

The study was conducted at the St. Charles Rifle Range, located just outside of

Winnipeg, Manitoba (Fig. 1). The property is owned by the Canadian Department of

Natìonal Defence and is managed by the 17tl'Wing Air Force Base in Winnipeg. The

property is 192 hectares in size with 47 .9 hectares of high quality tallgrass prairie (area 1

on Fig. 2) (Morgan 1994). The area has remained undisturbed for at least a hundred

years but a portion of the study area may have been cultivated until 50 years ago. This

area was coined the "go-back" prairie (areas 5 and 6 on Fig. 2) by Morgan (1994).

The plant and ground beetle diversity of the St. Charles Rifle Range is known

(Roughley 200I). The plant diversity includes over 112 species, including the species

that are characteristic of tallgrass prairie such as big bluestem (Andropogon gerardii

Vitman) (Sveinson 2001). The ground beetle fauna includes 104 species, one of which is

the rare Lebia divisa LeConte (Roughley 2001).

Experimental design

Three burn treatments (spring, summer, and fall) were used for the experiment

(Fig. 3). A refuge treatment, which was never burned, was also used. Each treatment

had four replicates and each suite of treatments (referred to from here on as blocks A, B,

C, or D) were arranged in a cross pattern (Fig. 3). Each treatment square was 50 meters

by 50 meters. All treatments were burned once in 1997 withthe spring burn occurring on

6 June, sufitmer burn on 5 August, and the fall burn on 9 September. For each treatment



18

square, the edges were burned first and then the rest of the block was burned. Any

unburned areas within the treatment blocks after the fire had passed through were left

intact. Placement of the blocks was to allow for maximum coverage of the study area,

which included placing one block (block D) in the "go-back" prairie. In 1998, two

control squares (blocks X and Y) were incorporated into the experimental design to

ensure the refuge treatment was not being trapped out. The sampling protocol of these

two controls was the same as the other blocks except that sampling did not begin until I

May 1998.

Sampling

Samples were collected from pitfall traps with sixteen traps per square (Fig. 3).

Traps were affanged in a 4 x 4 grid with traps being 10 meters apart. The pitfall traps

consisted of plastic yellow containers with an outside top diameter of 1 1.5 cm and a

depth of 6.5 cm. These traps were placed into the ground so that the lip of the container

was flush with the surface of the ground. A rain cover consisting of a square piece of

plywood with nails as supporls was placed over each pitfall trap to prevent flooding.

Traps were half f,rlled with a saturated salt solution with a drop of dish detergent. Traps

were emptied weekly and the contents of the traps were passed through a strainer with a

mesh size of 1 mm. The contents of all sixteen pitfall traps for each square were pooled

each week and stored in70% ethanol.

In 1997, sampling began on 28 May and continued until 7 November. In 1998,

the traps were run from 3 April to 10 November. In l999,the traps were run from 20

April to 12 November. In 2000, traps were run from 31 March to 10 November.
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Sorting and identffication

The bulk samples (weekly pool of 16 pitfall traps) were sorted by various people

over the length of the project (see acknowledgements). Target organisms (e.g. spiders

and carabid beetles) were softed out of the bulk samples and placed in separate 3-dram

vials. The vials containing spiders were later sorted to species and I identified them,

following the nomenclature of Platnick (2002). Spiders were counted and sexed by

species and juveniles were identified to species when possible, and to genus when I was

not confident of which species they were. However, because I was unable to identiff all

juveniles to species, only adult spiders are included in the data analysis at the species

level.

Data analysis

The data were analyzed using the software programs SYSTAT @ and BIO-DAP @.

Analysis included alpha and beta diversity measures. For alpha diversity, the measures

examined were species richness, Shannon-Wiener index, log series alpha index, Simpson

index, Berger-Parker index, and log series alpha evenness. Beta diversity measures

include the Jaccard coefftcient and Morisita-Horn index. The formulae for these indices

are summarized in Table 1. The values from these indices as well as the abundance data

were analyzed using the general linear model ANOVA function in SYSTAT @ (version

9). Multiple pairwise comparisons were done using the Tukey HSD method, using a

significance level of 0.05. Data analysis focused on within year comparisons. Short-term

effects of burn season were analyzedby breaking the sampling weeks of 1997 into four

burn periods. Period 1 was all weeks prior to the spring burn, period 2 was the weeks
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between the spring and summer burns, period 3 was the weeks between the summer and

fall burns, and period 4 was the weeks after the fall burn. Between year comparisons

were not analyzed statistically because there were too many year to year differences in

sampling intensity that would have made data standardization difficult and statistical

differences hard to interpret. These year to year differences included: the number of

sampling weeks per year, an apparent sorting bias, and varying weather conditions. The

apparent sorting bias and varying weather conditions are assumed to be equal among

treatments and blocks for each year.

Species richness is simply the total number of species. This measure is a good

first calculation of species diversity. However, it is extremely sensitive to sample size

and species are all weighted equally (Magurran 1988).

The Shannon-Vy'iener index is proportional to the number of species and their

relative abundance. It is calculated using the following formula:

H' : -lp¡lnp¡ where pi : proportion of itn species

It is sensitive to sample size and assumes that the samples were collected randomly

(Magunan 1988).

The log series alpha index is less sensitive to dominant species or rare species. It

is calculated using the formula:

S : uln(l+N/o,) where N: total number of individuals

The u value is determined by first estimating the value of x in the equation:

SÆ.ü: [1-x)ix][-ln(l-x)] where S : total number of species

by using the NONLIN function in SYSTAT o. The value of x was then used to derive o

using the equation o: N(l-x)/x.
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The Simpson index is a type of dominance measure and weights dominant species

more than the Shannon-Wiener index does. It is calculated using the formula:

D: l[n,(nr-1))A{Q.f-1)] where ni: number of individuals of ith species

The values of D range from 0 to 1.

The Berger-Parker index is a simple dominance measure that is calculated using

the formula:

d: N'*AI where Nn,,*: maximum abundance of any one species.

The values of Berger-Parker index range from 0 to l.

When using the log series alpha index, an appropriate evenness measure is the

alpha evenness, which is equal to the slope of the line from the log abundance versus

rank curve. A significant regression curve indicates that the data is appropriate for

analysis using the log series alpha index. For this evenness measure, the higher negative

(i.e. closer to zero) values mean that there is higher evenness.

The two beta diversity measures were chosen because the Jaccard index is a

qualitative similarity measure whereas Morisita-Horn index is a quantitative similarity

measìre. The values for both indices range from 0, meaning no similarity to 1, meaning

100% similarity. Jaccard index is calculated using the formula:

Cj: al(a + b +c) where a: # species at both sites
b : # species at site 1

c: # species at site 2

Jaccard index reflects how many species the two sites share in common. Species are

unweighted as this measure only uses presence/absence data (Magurran 1988).

Morisita-Horn index is a quantitative similarity index in that it takes the

proportion of the species into consideration. It is considered less sensitive to sample size
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and is more suitable for abundance data (Magunan 1988). It is calculated using the

formula:

cmh: [2f(an¡*bn¡)l(da+ db)(aN*bN))] (see Table 1 for description of terms)

Forest transect study

An additional experiment, referred to as the forest transect study, was established

in 1998 to determine if the fauna of the tallgrass prairie was different from the fauna in

the aspen forest. A series of 21 traps was set in an L-shape with half of the traps being in

the prairie and the other half in the forest (Fig. a). Each set of five pitfall traps was

pooled weekly, following the sampling regime of the tallgrass prairie study except that

the transect was not set up until 6 May in 1998. Sorting and identification protocols were

the same as for the tallgrass prairie study.

Pond margin study

A pond transect study was set up in 2000 and was located along the southern edge

of a man-made pond (Fig. a). The transect consisted of ten pitfall traps set up as in the

other experiments. The transect ran from 10 June to 4 October with the traps being

pooled weekly. Sorting and identification protocols were the same as for the tallgrass

prairie study. The purpose of this experiment was to maximize the types of habitats

sampled via pitfall traps so that we could get a better idea of how the species were

distributed in the studv area.
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RESULTS

Species level analysis of tallgrass prairie study

Abundance

A total of 66,362 spiders were collected over the duration of the study, with

54,3g6being adults. Table 2 is a summary of the abundance data per block per treatment

peï year. All results discussed from here on will be based only on the adults.

A total of 126 species representing 17 families were collected on the tallgrass

prairie (Table 3). At the family level, lycosids were the most abundant followed by

linyphiids. At the species level, Pardosa moesta and P. distincta were by far the two

dominant species accounting for 31 .4Yo and2l.l% of the adults caught respectively

(Table 4, Appendices 1-4). Other abundant species included Alopecosa aculeata (6.3%),

Agroeca pratensis Emerton (3.6%), Hognafrondicola (Emerton) (35%), and Zelotes

frøtris Chamberlin (3.1%) (Table 4).

The abundance of P. moesta was significantly different among treatments for all

four years (1997 p:0.00684, df:3, F:7 .913;1998: p:0.000001, dF4,F:72.135; 1999:

p:0.0030, dt4, F:10.148;2000: p:0.00026, dF4, F:17.858) (Fig. 5). The retuge

treatment had the highest number of P. moesta for all four years. From 1998 to 2000, P.

moesta tended to have higher abundances in the spring and refuge treatments than the

summer and fall treatments. There were also significant differences in the number of P.

moesta among blocks in1997 (p:0.0024, dÈ3, F:l0.85), 1998 (p:0.00037, dF4,

F:16.330), 1999 (p:0.0095, dË4, F:6.153), and 2000 (p:0.00002, dÈ4, F:33.68) (Fig.

6). Block D had the lowest abundance of P. moestafor all four years and block X had

the highest abundance from 1998 to 2000.
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The abundance of Pardosa distincta was not significantly different among

treatments in any year (Fig. 7) but was significantly different among blocks in 1997

@:0.029, dF3,F:4.7 88) (Fig. 8). In 1999 and 2000, P. distincta was most abundant in

the summer treatment and had the lowest abundance in the spring treatment all four

years. Pardosa distincta was significantly more abundant in block D in 1997.

In general, P. moesta was the dominant species for all treatments in 1997 except

for block D, where P. distincta was dominant (Appendix 1). In 1999 and2000, P.

moesta was dominant only in the spring and refuge treatments for blocks A, B, and C

(Appendices 3 and 4). Pardosa distincta was the dominant species in all the summer and

fall treatments and all treatments in block D in 1999 and 2000. Although the refuge

treatment had the highest total abundances, some species \ /ere more abundant in the

summer or fall treatments than in the refuge treatment. These included P. distincta, H.

frondicola, Xysticus ampullatus Tumbull et al., Arctosa rubícunda (Keyserling), and

Enoplognatha marmorataHentz (in order of abundance in Table 4).

Phenology

The majority of the species reached their peak adult abundance in the spring

(Table 5). Pardosa moesta peaked, on average, two weeks earlier than P. distinctabuf

the females of P. distincta tended to be more active later in the year. A few species had

peak adult abundances in the summer (e.g. Pirata minutus Emerton, Grammonota pictilis

(O.P.-Cambridge), Goneatara nasutus Barrows) and some peaked in autumn (e.g.

Centromerus sylvaticu.s (Blackwall), Cicurina arcuata Keyserling, Agroeca pratensis, A.

ornata Banks, Ero csnionls Chamberlin & Ivie).
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Community level analysis of tallgrass prairie study

Abundance

There were signif,rcant differences in adult abundances among treatments in 1991

(p:0.0012, dË3, F:l3.288), 1998 (p:0.00009, dË3,F:26.133), 1999 (p:0.012, dt4,

F:5.965), and 2000 þ:0.0300, dt3,F:4.735) (Fig. 9). The refuge treatment had the

highest abundance in all four years and the fall treatment had the lowest abundance from

1998 to 2000. The spring treatment abundances increased steadily from 1997 to 2000.

The summer and fall treatments had their lowest abundances in 1998 and increased

steadily from 1998 to 2000. When l99l was broken down by burn period, the abundance

tended to decrease for each burn season treatment following its burn time (Fig. 10).

These decreases were significant compared to the refuge following the spring and

summer burns but not for the fall burn. There were also significant differences among

blocks for all years (Fig. 11). Block B tended to have the highest abundance and block D

tended to have the lowest.

Diversity indices

Species richness

A total of 126 species was collected over the four years (Table 3). There were no

significant differences among treatments following the burns in 1997 (Fig.12) or in any

subsequent year (1997:F:0.979, dÈ3; 1998: F:l.094, df:3;1999: F:l.380, df=3; 2000:

F:1.000, dÈ3) (Figs. 13). The differences between blocks were not significant in 1997

(F:2.978, dt3) or 1998 (F:2.018, dt5) but they were significant in 1999 1p=6.0327,

dÊ5, F=4.077) and 2000 (p:0.0254, df:5,F:4.460) (Fig. la).
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Shannon-'Wiener index

In 1997 , diversity as measured by the Shannon-Wiener index tended to increase

following a particular burn for each burn season treatment, although it was only

significant following the spring burn (Fig. 15). There was a significant difference among

treatments in1997 (p:0.0148, df:3,F:6.242) and 1998 (p:0.039, dt3,F:4.259) but not

in1999 (dt3, F:l.658) or 2000 (dF4, F=0.410) (Fig. 16). In1997,the spring treatment

had the highest diversity and the fall treatment had the highest diversity in i998. Among

blocks, there was a significant difference in 1997 þ:0.006, dÈ3, F:8.186), but not in the

other years (1998: dÊ5, F:0.876;1999: dF5, F:0.741;2000: df:4,F:2.627) (Fig.I7).

Loq series alpha index

In 1997, the burn season treatments increased in diversity as measured by the log

series alpha index following their associated burn time (Fig. 18). There were significant

differences among treatments in 1997 (p:0.0304, dF3,F:4.714) and 1998 (p:0.0083,

dt.4,F:6.7 99) but not in 1999 or 2000 (1999: p:0.2017, dË4, F=i.860; 2000:

p:0.0615, dF3, F:3.532) (Fig. 19). Among blocks, significant differences were only

observed in l99l (p:0.004 1, dÊ3, F:9.28 1 ) (Fig. 20).

Dominance indices

Simpson index

In 1997, the diversity of the burn treatments as measured by the Simpson index

tended to decrease following their associated burn time (Fig. 21). There were no

significant differences among treatments in any year (1997:F:2.928;1998:F:2.I64;
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1999: F:0.31 1; 2000: F:0.1 10) (Figs. 22) wirh the refuge treatment having the highest

values all four years. A significant difference between blocks was observed in 1997 þ:
0.011, dF3,F:6.769) (Fig. 23) but not in any other year.

Berger-Parker index

In 1997, the value of the Berger-Parker index tended to decrease following their

associated burn (Fig. 24). Therc were no significant differences among treatments in any

year (1997:F:2.346 1998: F:0.959;1999: F:0.354; 2000: F:0.080) (Fig. 25). A

significant difference between blocks was observedin1997 (p:0.030, df:3,F:4.706)

(Fig.26) but not in any other year.

Log series alpha evenness

The slopes ofthe regression lines ofrank abundance against log abundance for

each analysis were significant atp:0.05. The evenness values of the burn treatments

tended to increase following their burn times (Fig.27). There were significant

differences among treatments in 1998 (p:0.0428, df=3, F:4.1 i8) and 2000 (p:0.0287,

df:4,F:4.488) but not in L997 or 1999 (Figs. 28). There were no significant differences

between blocks in any year (Figs. 29) and no block consistently had the highest evenness

value from vear to vear.
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Similarity indices

Jaccard index

ln 1997 , spring/refuge treatments were most similar (Cj:0.634) and summer/fall

treatments had the next highest similarity value (Cj:0.605) (Table 6). In 1998, summer

and fall treatments were most similar (Cj=O.737). In 7999, spring and fall treatments had

the highest similarity (Cj:O.736) and in 2000, the spring and refuge treatments were

again the most similar (Cj: 0.758) (Table 6). In 2000, the similarity values among

treatments were fairly similar, ranging from 0.630 (summer/control) to 0.758

(spring/retuge).

The similarity among the refuge treatment among years remained fairly constant

(199711998:0.610, 199811999:0.584, 199912000:0.604) (Table 7). The controls

also remained fairly constant (199811999:0.639,199912000: 0.613). However, the

values for the other treatments varied more (spring: 97198 : 0.635,98199 : 0.636,99100

: 0.688; summer: 97198: 0.585, 98199 : 0.675,99100 : 0.674; fall: 97198 : 0.632,98199

: 0.7 50, 99/00 : 0.67 4) (Table 7).

Morisita-Horn index

In 1997, the similarity values between treatments ranged from 0924

(spring/refuge) to 0.996 (summer/fall) (Table 8). In 1998, the values diverged with

spring/refuge (Cmh:0.993) and summer/fall (Cmh:0.983) having the two highest

similarity values. The other similarity values ranged between 0.494 and0.907. The high

similarity values between the spring/refuge treatments and the summer/fall treatments

continued in 1999 (Cmh :0.994 and 0.995 respectively) and 2000 (Cmh :0.991 and
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0.985 respectively) (Table 8). The remaining similarity values rebounded in 1999,

ranging from 0.809 (fall/refuge) to 0.969 (spring/control). In 2000, the other similarity

values ranged from 0.765 (spring/fall) to 0.935 (summer/control).

The similarity values for the refuge treatment between years were constant and

relativelyhigh(199711998:0.989, 199811999:0.955, 199912000:0.944) (Table 9).

The controls also remained relatively high (199811999 : 0.970,199912000: 0.930). The

values for the spring treatment between years also remained constant and relatively high

(199711998:0.953, 199811999:0.953, 199912000:0.950). The values for the summer

and fall treatments had greater variation but also had high values for the later year

comparisons (summer: 199711998 : 0.705, 199811999 : 0.946, 199912000 : 0.937; fall:

1997 / 1998 : 0.644, 1998 I 1999 : 0.906, 1999 12000 : 0.9 44) (Table 9).

Analysis of forest transect and pond margin studies

Forest transect studv

Over the three years of the study, 4,499 adult spiders, representingg4 species,

were collected in the forest transect (Appendix 5). Pardoso moesta was the most

common species, accounting for 43.7Yo of the adults caught (Table l0). Species that

were present in the forest study but absent in the main study were Castianeirø cingulata

(C.L. Koch), Clubiona kastoni Gertsch, Grammonota gigas Banks, OzyptÌla sincera

canadensis Dondale & Redner, Pardosa mackenziana (Keyserling), Pirata montanus

Emerton" Robertus banksi (Kaston), Titanoeca nivalis Simon, and Xysticus elegans

Keyserling (Table 3). Clubiona knstoni was only found in the grassland pitfalls of the

forest study whereas O. sincera canadensis and R. banksi were found in both the forest
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and grassland traps. Some species, including P. distincta, showed a strong preference for

the grassland pitfalls as compared to the forest pitfalls. For example, 380 adults of P.

distincta were collected in the grassland pitfalls but only two adults were collected in the

forest pitfalls of the forest transect study (Table 10).

Pond margin study

For the pond study,790 adult spiders were collected representing 44 species

(Table ll). Pardosa moesta was the most common species, accounting for 41 .60/o of the

adults caught. Species that were present in the pond study but absent in the tallgrass

prairie study were Hypomma marxi (Keyserling), Neon ellamae Gertsch & Ivie Scironis

tarsalÌs (Emerton) and Titanoeca nivalis (Table 3). Titanoeca nivalis was also found in

the forest study. Presumably, certain early and late season species were missed due to the

restricted collecting period. However, the species that was most notably missing, whose

activity overlapped with the collection period, was P. distincta.
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Table 3. Comparison of the spider species collected from the three study areas on the
St. Charles Rifle Range. Prairie = tallgrass prairie study (1997-2000), Forest:
forest transect (i998-2000), Pond: pond margin (2000 only). Asterisk:
species was collected.

Fam

Agelenidae

A¡aneidae

Clubionidae

Corinnidae

Dictynidae

Gnaphosidae

Hahniidae

Linyphiidae

Forest
Agelenopsis actuosa (Gertsch & Ivie)

A c a n I h e p e i r a s t e I I a t a (W alckenaer)

A ran e u s t r ifo I i mn (Hentz)

Ar gi ope tr ifasc iata (Forskål)

Hyps os i n ga py gmaea (Sundevall)

Ne osc ona a rab e sca (Walckenaer)

Singa keyserlingi McCook

Clubiona abboti L. Koch

C Iub iona j ohnsoni Gertsch

C lubiona kastoni Gerlsch

Clubiona ntoesta Banks

Castianeira cingulata (C.L. Koch)

C a s t i ane i r a de s c r i p t a (Hentz)

C a s t i a n e ir a I o n gi p a Ip a (Hentz)

Argenna obesa Emerlon

C i c u r i n a a r c u a I a Key serling

D i c ty n a fo I i a c e a (Hentz)

Drassyllus depressas (Emerton)

D rassyllus ni ger (Banks)

Gnaphosa partula Banks

Hap lodrassus h ie malis (Emerton)

Haplodrassus signftr (C.L. Koch)

Micaria gertschi Banows & Ivie

Micar ia pul icana (Sundevall)

Mi c ar i a r o s s i c a T hor ell

Sergiolus decoralils Kaston

Se r gio lus oce I latus (Walckenaer)

k lo tes fratr i s Chamberl in

Ze lo te s lasa lanus Chamberlin

Zelotes sula Lowrie & Certsch

Hahnia cinerea Emerton

Ne oantisted md gna (Keyserling)

Agtneta allosufuilis Loksa

A I I ontengea dentrsells (Crube)

B athyp hanle s cønadens is (Emerfon)

B athyph ante s pal/rdas (Banks)

Centrornerus sylvaflcas (Blackwall)

C erat ice lus fi ss iceps (O.P.-Cambridge)

C era t ice lus /aetrs (O.P.-Cambridge)

C eral ice lus lat iceps (Emeríon)

C erati ne I la brunne a Emerton

C o ll ins ia plumosø (Emerton)

Epe rigone tr ilo b ata (Emerton)

Eridantes utiåilÍs Crosby & Bishop

Erigone atra Blackwall

Erigone blaesa Crosby & Bishop

G ona t iu ¡n c r a s s i p a I p wn Bry ant
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Table 3 cont'd
Family Species Prairie Forest Pond
Linyphiidae cont'd Goneatara nasulus Barrows

Liocranidae

Lycosidae

Gramnonota angusta Dondale

G r a m m on o t a g i ga s (B anks)

Gramnto no I a ornata (O.P.-Cambridge)

G rammono ta p iclr/rs (O.P.-Cambridge)

Hyp om nu ntarxi (Keyserling)

Islandiana flaveola (Banks)

Is land i an a longi setos a (Emerton)

Is I andiana pr i nceps Braendegaard

Kae stner ia pu llata (O.P.-Cambridge)

Ne r i e ne c la thrata (Sundevall)

Neriene radi ata (W alckenaer)

Pe Iecopsis mengel (Simon)

P ocad icnemis ame ricana Millidge

S c i r onis tarsali s (Emerton)

Stetnonyp han te s b lauve I tae Gertsch

Tap inocyb a minu fd (Emerton)

þVa Ic kenae r ia di recta (O.P.-Cambridge)

Wa lcke naeri a exi gu a Millídge

Wa lcke naeria p a/aslrri Millidge

llt'a I c ken a e r i a p i n o c c h i o (Kaston)

Walckenaeria spiralrs (Emerton)

Ila I c ke n ae r i a t i b i d I i s (Emerton)

Agroeca ornala Banks

Agroeca pratensis Emerton

P hruro lintpus b ore ali s (Emerton)

S c ol ine I la pu gna ta (Emerfon)

A lopecosa aaileala (Clerck)

Arctosa e¡nertoni Gertsch

Arc tosa raptor (Kulczyn'ski)

Arc tosa r ub icunda (Keyserling)

H o gn a fr o n d i c o/a (Emerton)

P ardosa di s I incta (Blackwall)

Pardosa dronnea (Thorelt)

P ardos a Ju s aila (Thorell)

P a rdosa macke nzrana (Keyserl ing)

P a r d o s a n t o d i c a (Bl aclcw all)

Pardosa ntoesta Banks

P ardosa ontariensi s Gertsch

P ardosa xerantpelrnø (Keyserling)

P irata insularis Emerton

Pirata minulus Emerton

P irata montanus Emerton

P irata piraticus (CIerck)

Sch izoc osa crass ipalpata Roewer

Sch izocosa re tr orsa (Banks)

Trochosa terricola Thorell

**

{<*+

**:t

t(*?*

*

**
+*x
**

**
x+
**
***
**
***
,k**

+*
+*
**(
a*

r**
*

l( ,F ji.

***

*
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Table 3 cont'd
Fa¡nily Species Prairie Forest Pond
Minretidae

Philodromidae

Pisauridae

Salticidae

Tetragnathidae

Theridiidae

Thomisidae

Titanoecidae

Ero canionis Chamberlin & Ivie

Minetus epe iroides Emerton

Ebo iviei Sauer &. Platnick

P h i lodr o¡nu s hi srrio (Laheille)

Thana tus c o lorade ns i s Keyserling

Th anatu s fo r m ic;nas (Clerck)

Thanatus ru b iceilus (Mello-Leitào)

Thanatus striatus C.L. Koch

Ti be Ilus naritimrs (Menge)

Tib e t lus o b longus (Walckenaer)

Dolomedes strialas Giebel

Dolomedes trlton (Walckenaer)

Evarcha hoyi (Peckham & Peckham)

Habrona ttu s decorus (Blackwall)

Neon ellantae Gertsch & Ivie

PeIegrina lnslgnis (Banks)

Phidippus tthitn¡a¡ri Peckham & Peckham

SaIticus scenicus (Clerck)

s ilt i cus s I r i a tus Emerton

Ta I av e r a ni nu t a (Banks)

Tu te I i n a s inú I i s (Banks)

P achy gna th a dorothea McCook

Pachygnatha tristriata C.L. Koch

Pachygnatha xanthostoma C.L. Koch

Te t r a gn a t h a I a b or i o s a Hentz

En op I o gn a t h a m a r m o r a t a (Henfz)

Eury opi s fune b rls (Hentz)

Euryopis gertschi Levi

Euryopis saukeaLevi

Roberlus åan&si (Kæton)

Steatoda americana (Emerton)

Bassaniana uta h e n s is (Gertsch)

Ozypli I a con spurca ta Thorell

Ozyplila sincera canadensis Dondale & Redner

Xysticus ampullalus Turnbull, Dondale & Redner

Xys t icus discursans Keyserling

Xys t icus e le gans Keyserling

Xysticus enterton i Keyserling

Xysticusferox (Hentz)

Xys t i cu s lu c t ans (C.L. Koch)

Xysticus pe I lax O.P.-Cambridge

Xyst icus tr i gt tta tu s Keyserling

Xysticus winnipegensis Tumbull, Dondale & Redner

Titanoeca nivalis Simon

*

:}

t<

:}

*

*

17 families Totals 126 94
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Table 4. Abundance of adults by burn season treatment of the 25 most abundant spider
species collected on St. Charles Rifle Range from 1997 to 2000. Spr: spring,
Sum: summer, Fall : fall, Ref : refuge, Con: control. Note: controls are not
directly comparable to other treatments due to differences in sampling intensity.

Treatment
Sum Fall Ref Con Total Yo of totalSpecies spr

Pardosa moesta

Pardosa distincta

Alopecosa aculeata

Agroeca pratensis

LIogna frondicola
Zelotes fi'an"is
Xystictts antpullatus

Ozyptila conspurcata

Ce ntronterus sylvaticus

Xysticus ferox
Trochosa teruicola

Goneatara nasutus

Pirata ntinutus

Pardosa ntodica

Thanatus striatus

Arctosa rubicunda

Sc ltiz ocos a crassipalpata

Xystictts emertoni

Cicu'ina arcuata

Gnaphosa parvula

Agroeca ornata

Eutyopis funebris
Ceraticehts laetus

Collinsia plumosa

Enopl ognatha marmorata

4675

1990

843

444

394

433

250

279

287

22r
J+J

23'7

I tJ

208

t73

97

l0l
108

69

76

90

87

137

90

57

2286

2987

563

358

514

238

29t
130

199

196

132

260

zJa

r24

l4l
149

8l
52

89

48

6l
69

2l
135

117

183 I

2770

550

300

54)

220

355

240

171

232

104

158

94

52

108

157

87

6l
t25

3l
92

76

LI

35

r06

6890

2773

920

6ll
J¿}O

257

JJ I

344

272

279

2t8
144

202

157

90

167

130

55

t47

93

74

t2l
/11

29

I 390

128 I

)o)
2t9
85

240

114

173

139

123

121

27

37

48

36

T2

4l
105
a^

56

t6
JI

24

l7
9

17072

I l80l
3441

1932

1881

1705

1267

1153

I 140

1044

979

900

684

634

615

505

477

456

362

358

352

343

324

324

318

31.38

21.69

6.32

3.55

3.46

3. l3
Z.JJ

2.12

2.10

1.92

1.80

1.65

t -¿o

1.17

1.13

0.93

0.88

0.84

0.67

0.66

0.65

0.63

0.60

0.60

0.58



Table 5. V/eekly abundance of the adult spiders for the25 most abundant species collected on the St. Charles Rifle Range in 2000.
Week 1 : 3I .iii-7.ir,, u'eel< 32 : 3-10.xi. Abundance value in bold is the peak abundance for that s

Week number
es.

(,)\ì



Table 6. Jaccard index values between pairs of bum season treatments for each year for the adult spiders collected on
the St. Charles Rifle Range. Spr: spring, Sum: summer, Fall: fall, Ref : refuge, Con: control.

Treatment comparison

Year Spr/Sum Spr/Fall Spr/Ref Spr/Con SumÆall Sum/Ref Sum/Con Fall/Ref Fall/Con ReflCon

1997 0.558

1998 0.724

t999 0.727

2000 0.724

0.600

0.727

0.736

0.717

0.634

0.67r

0.682

0.758

N/A
0.594

0.595

0.693

0.60s 0.ss6 N/A
0.737 0.679 0.652

0.711 0.674 0.605

0.710 0.713 0.630

0.573

0.725

0.648

0.724

N/A
0.586

0.545

0.655

N/A
0.620

0.658

0.699

oo
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Table 7. Jaccard index values between years for each burn season treatment
for the adult spiders collected on the St. Charles Rifle Range.

Year Spring

Treatment

Summer Fall Control

199711998

1998/1999

1999/2000

0.635

0.636

0.688

0.585

0.675

0.674

0.632

0.750

0.674

0.610

0.584

0.604

N/A

0.639

0.613



Table 8. Morisita-Horn index values between pairs of burn season treatments for each year for the adult spiders collected on the St.
Charles RiflgÀqog", Spr: spring, Sum: surnmer, Fall: fall, Ref : refuse. Con: control.

Year Spr/Sum

t997

1998

t999

2000

0.988

0.618

0.854

0.824

Spr/Fall

0.993

0.506

0.834

0.765

Spr/Ref

0.924

0.993

0.994

0.991

Treatment comparisons

Spr/Con Sum/Fall SumlRef Sum/Con

N/A

0.908

0.969

0.901

0.996 0.9s8

0.983 0.609

0.99s 0.831

0.98s 0.868

N/A

0.831

0.939

0.935

Fall/Ref

0.941

0.494

0.809

0.820

Fall/Con

N/A

0.741

0.925

0.932

Ref/Con

N/A

0.907

0.955

0.930

À
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Table 9. Morisita-Horn index values between years for each burn season
treatment for the adult spiders collected on the St. Charles Rifle Range.

Year Spring

Treatment

Summer Fall Refuse Control

1997/1998

t998t1999

1999t2000

0.9s3

0.953

0.950

0.705

0.946

0.937

0.644

0.906

0.936

0.989

0.955

0.944

N/A

0.970

0.930



Table 10. Abundance of adults for the 25 most abundant spider species collected from the forest transect study on
the St. Cliarles Rifle Range fi'om 1998-2000. Pitfalls 1-5 and 1 6-21 wele in tallgrass prairie. Pitfalls 6- 1 0

Pardosa moestq
Pardosa distincta
Agroeca ornala
C entromerus sylv aticus
Alopecosa aculeata
Goneatara nasutus
Zelotes fratris
Trochosa terricola
Agroeca pratensis
Ceraticelus laetus
Pelecopsis mengei
Arctosa rubicunda
C astianair a longip alp a
Xysticus ferox
Islandiana flqveola
Hahnia cinerea
Xysticus emertoni
Robertus banlci
Hognafrondicola
Haplodrassus hiemalis
Grammonota gigas
Agtneta allosubtilis
Pirata piraticus
Gnaphosa parvula

ectes

and 1 1- 15 were in aspen forest.

Pitfalls 1-5
420
208
t7
27
87
l7
50

26
6
2
9

l5
23
2
6

ll
I
7

6

0

^

5

+

I

Pitfalls 6-10
694
0

136
39
l5
.¿.t

ZJ

l5
6

l8
6
I
5

0
t4
8

0

l5
0

9

l5
a
J

1l
5

0

Pitfalls 1L-15
541

97
118

67
44
18

37
5

t9
A1

2

z
1

9

l2
8

IJ
0

6

I
1a
IJ

5

5

0

Pitfalls 16-21
311

172

55

13

82

76
z)
Jf
5+

l8
2

38
l8
9

7

5

t2
I

2l
6

0

z
I
6

tz

Total
1966
382
305
257
251
160
tt4
110

7l
6r
J/
50
40
11

32
31

31
30
28
,,1

23
'r1
1t
20
20

o/o of total
47.45

9.22
7.36
6.20
6.06
3.86
2.75
2.66
r.7l
1.47

1.3 8

r.21
0.97
0.80
0.77
0.75
0.7s
0.12
0.68
0.65
0.s6
0.53
0.s3
0.48
0.48

Þ
tv
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Table 1 i. Abundance of adult spiders collected from a
pond margin on the St. Charles Rifle Range
in 2000.

Species Total
Pardosa moesta
Centromerus sylv aticus
Pocadenemis americana
Hahnia cinereø
Pelecopsis mengei
Trochosa terricola
Alopecosa aculeata
Cerøticelus fissiceps
Ceraticelus laetus
Pirata insularis
Micaria pulicaria
Agtneta allosubtilis
Scotinella pugnata
Clubiona johnsoni
Zelotes fratris
Pqrdosa modica
Pirata pirøticus
Neriene clathrata
Pørdosafuscula
Haplodrassus hiemalis
Xysticus emertoni
Ozyptila conspurcqtq
Micaria rossica
Erigone atra
Ceraticelus laticeps
Allomengea dentisetis
Pachygnatha dorothea
Neoantistea magna
Hypomma marxi
llalckenaeria directa
Titanoeca nivalis
Thanatus striatus
Thønatus formicinus
Scironis tarsalis
Pardosa dromaea
Neon ellamae
Haplodrassus signifer
Eperigone trilobata
Dolomedes triton
Clubionq abbotti
C astianair a longip alp a
Bathyphantes pallidus
Argennø obesa

Agroeca pratensis

329
92
61

58

51

3+
atL+

l8
t4
9

9

8

7

7

6

6

5

5
A

+

J

5
a
J

J

3
a
J

2

2

¿

I
I
I
I
I
I
I
I
I
'|

I
t
I
I
I
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Fig' 1. Location of the study site, the St. Charles Rifle Range, relative to Winnipeg,
Manitoba.
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Fig' 2' vegetation map of the St' charles_Rifle Range based on aerial photos taken in1993 (from Morgan 1994)' Boxed-in area iJthe areá where study was conducted.
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Fig. 3. Schematic diagram of experimental design for the St. Charles Rifle Range
tallgrass prairie project. spr : spring treatment, sum : summer treatment, fall :
fall treatment, ref : refuge treatment, con : control treatment. Grey square
represents the botanical standard (modified from Roughley 2001).
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Fig' 4. Location and schematic diagram of the forest transect and pond margin study
areas (modified from Roughley 2001).
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Figule 5: Effect of burn season on the natural log abundance per treatment square
(mean + SEM) of adult Pardosa moesta collected on the St. Charles Rifle
Rarrge from 1997 to 2000. All burns were conducted in 1997. Bars with
different lower case letters are significantly different at p : 0.05 level of
signif,rcance based on Tukey HSD multiple pairwise comparisons.
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Figure 6: Effect of block on the natural log abundance per treatment square (mean +
SEM) of adult Pardosa moesta collected on the St. Charles Rifle Range
from 1997 to 2000. All burns were conducted in 1997. Bars with
different lower case letters are significantly different at p : 0.05 levei of
significance based on Tukey HSD multiple pairwise comparisons.
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Figure 7: Effect of burn season on the natural log abundance per treatment square
(mean + SEM) of adult Pardosa distincta collected on the St. charles Rifle
Range ftom 1997 to 2000. All burns were conducted in 1997. Bars with
different lower case letters are significantly different at p : 0.05 level of
signif,rcance based on Tukey HSD multiple pairwise comparisons.
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Figure 8: Effect of block on the natural log abundance per treatment square (mean +
sEM) of adult Pardosa distincta collected on the st. charles Rifle Range
from 1997 to 2000. All bums were conducted in 1997. Bars with
different lower case letters are significantly different at p : 0.05 level of
significance based on Tukey HSD multiple pairwise comparisons.
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Figure 9: Effect of bum season on the natural log abundance per treatment square
(mean + SEM) of adult spiders collected on the St. Charles Rifle Range
from 1997 to 2000. All burns were conducted in 1997. Bars with
different lower case letters are significantly different at p : 0.05 level of
significance based on Tukey HSD multiple pairwise comparisons.
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Figure 10: Effect of burn season on the natural log abundance per treatment square
(mean + SEM) of adult spiders collected on the St. Charles Rifle Range in
1997 by burn period. Period 1 : pre-spring burn interval, period 2 :
spring to summer burn interval, period 3 : summer to fall burn interval,
and period 4 : post fall burn interval. Bars with different lower case
letters are significantly different at p : 0.05 level ofsignificance based on
Tukey HSD multiple pairwise comparisons.
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Figure 11: Effect of block on the natural log abundance per treatment square (mean +

SEM) of adult spiders collected on the St. Charles Rifle Range from 1997
to 2000. Bars with different lower case letters are significantly different at
p: 0.05 level of significance based on Tukey HSD multiple pairwise
comparisons.
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Figure 12: Effect of burn season on the natural log species richness (mean + SEM) of
adult spiders collected on the St. Charles Rifle Range in 1997 by burn
period. Period 1 : pre- spring burn interval, period 2 : spring to summer
burn interval, period 3 : summer to fall burn interval, and period 4 : post
fall burn interval. Bars with different lower case letters are significantly
different at p : 0.05 level of signif,rcance based on Tukey HSD multiple
pairwise comparisons.
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Figure 13: Effect of burn season on the natural log species richness (mean + SEM) of
adult spiders collected on the St. Charles Rifle Range from l99l to 2000.
All burns were conducted in 1997. Bars with different lower case letters
are significantly different at p: 0.05 level of signif,rcance based on Tukey
HSD multiple pairwise comparisons.
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Figure 14: Effect of block on the natural log species richness (mean + SEM) of adult
spiders collected on the St. Charles Rifle Range from 1997 fo 2000. Bars
with different lower case letters are significantly different at p : 0.05 level
of significance based on Tukey HSD multiple pairwise comparisons.
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Figule 15: Effect of burn season on the Shannon-Wiener diversity index (mean +

SEM) for adult spiders collected on the St. Charles Rifle Range in 1997 by
burn period. Period 1 : pre- spring burn interval, period 2 : spring to
summer burn interval, period 3 : summer to fall burn interval, and period
4 : post fall burn interval. Bars with different lower case letters are
significantly different at p:0.05 level of significance based on Tukey
HSD multiple pairwise comparisons.
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Figure 16: Effect of burn season on the Shannon-Wiener diversity index (mean +
SEM) for adult spiders collected on the St. Charles Rifle Range fuom 1997
to 2000. All burns were conducted in 1997. Bars with different lower
case letters are significantly different at p : 0.05 level of significance
based on Tukey HSD multiple pairwise comparisons.
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Figure 17: Effect of block on the shannon-'wiener diversity index (mean + SEM) for
adult spiders collected on the St. charles Rifle Range from 1997 to 2000.
Bars with different lower case letters are significantly different at p : 0.05
level of significance based on Tukey HSD multiple pairwise comparisons.
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Figure 18: Effect of burn season on the log series alpha diversity index (mean +
SEM) for adult spiders collected on the St. Charles Rifle Range in 1997 by
burn period. Period I : pre- spring burn interval, period 2 : spring to
sunìmer burn interval, period 3 = summer to fall burn interval, and period
4 : post fall burn interval. Bars with different lower case letters are
significantly different at p : 0.05 level of signif,rcance based on Tukey
HSD multiple pairwise comparisons.



79

14

12

(o10

(úRø"
.g

36
oJ4

z

0

14

12

ol0
-c
(uRØ-
c)

36
o)
J4

2

0

14

12

10

I

o

A

2

0

a-,t" a"""t 
(a\t 

""a.-
.ñ ."**d 

(â\\ 

""."*

14

12

10

8

o

4

2

0

^,rc.S -.só çô\\ ..rSø6a' -.\ñ'' aØ\"2-

Treatment

-.,r"s ^$d (â\t 
^a.ts'þY gù* eo

Treatment



80

Figure 19: Effect of burn season on the log series alpha diversity index (mean +
SEM) for adult spiders collected on the St. Charles Rifle Range from 1997
to 2000. All burns were conducted in 1997. Bars with different lower
case letters are significantly different at p:0.05 level ofsignificance
based on Tukey HSD multiple pairwise comparisons.
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Figure 20: Effect of block on the log series alpha diversity index (mean + SEM) for
adult spiders collected on the St. Charles Rifle Range from 1997 to 2000.
Bars with different lower case letters are significantly different at p : 0.05
level of significance based on Tukey HSD multiple pairwise comparisons.
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Figure 21: Effect of burn season on the Simpson diversity index (mean + SEM) for
adult spiders collected on the St. Charles Rifle Range in 1997 by burn
period. Period I : pre-spring burn interval, period 2 : spring to summer
burn interval, period 3 : summer to fall burn interval, and period 4 : post
fall burn interval. Bars with different lower case letters are significantly
different at p : 0.05 level of significance based on Tukey HSD multiple
pairwise comparisons.
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Figure22: Effect of burn season on the Simpson diversity index (mean + SEM) for
adult spiders collected on the St. Charles Rifle Range from 1997 to 2000.
All burns were conducted in 1997. Bars with different lower case letters
are significantly different at p: 0.05 level of significance based on Tukey
HSD multiple pairwise comparisons.
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Figure 23: Effect of block on the Simpson diversity index (mean + SEM) for adult
spiders collected on the St. Charles Rifle Range from 1997 to 2000. Bars
with different lower case letters are significantly different at p : 0.05 level
of significance based on Tukey HSD multiple pairwise comparisons.
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Figure24: Effect of burn season on the Berger-Parker diversity index (mean + SEM)
for adult spiders collected on the St. Charles Rifle Range in 1997 by burn
period. Period 1 : pre-spring burn interval, period 2 : spring to summer
burn interval, period 3 : summer to fall burn interval, and period 4 : post
fall burn interval. Bars with different lower case letters are signif,rcantly
different at p: 0.05 level of significance based on Tukey HSD multiple
pairwise comparisons.
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Figure 25: Effect of burn season on the Berger-Parker diversity index (mean + SEM)
for adult spiders collected on the St. Charles Rifle Range from 1997 to
2000. All burns were conducted in 1997. Bars with different lower case
letters are significantly different at p : 0.05 level of significance based on
Tukey HSD multiple pairwise comparisons.
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Figure 26: Effect of block on the Berger-Parker diversity index (mean + SEM) for
adult spiders collected on the St. Charles Rifle Range from 1997 to 2000.
Bars with different lower case letters are signif,rcantly different at p : 0.05
level of significance based on Tukey HSD multiple pairwise comparisons.
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Figxe2T: Effect of burn season on the log series alpha evenness (mean + SEM) of
adult spiders collected on the St. Charles Rifle Range in 1997 by burn
period. Period 1 : pre-spring burn interval, period 2 : spring to summer
burn interval, period 3 : summer to fall burn interval, and period 4 : post
fall burn interval. Bars with different lower case letters are significantly
different at p : 0.05 level of significance based on Tukey HSD multiple
pairwise comparisons.
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Figure 28: Effect of burn season on the log series alpha evenness (mean + SEM) of
adult spiders Collected on the St. Charles Rifle Range from 1997 to 2000.
All burns were conducted in 1997. Bars with different lower case letters
are significantly different at p : 0.05 level of significance based on Tukey
HSD multiple pairwise comparisons.
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Figure 29: Effect of block on the log series alpha evenness (mean + SEM) of adult
spiders collected on the St. Charles Rifle Range from 1997 to 2000. Bars
with different lower case letters are significantly different at p : 0.05 level
of significance based on Tukey HSD multiple pairwise comparisons.
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DISCUSSION

The discussion has been divided into seven sections. The first two sections deal

with the effect of fire season on the alpha and beta diversity. Section three is a discussion

of the effect of fire on the spider communities. Section four is a discussion of the species

composition of the St. Charles Rifle Range. In section frve, the experimental design is

discussed in relation to its effect on the results. In section six. recommendations to

tallgrass prairie managers and proposed future studies are made. In section seven, a

synthesis of the discussion is presented.

Effect of fire season on alpha diversity

Until now, the effect of fire season on the spider diversity of tallgrass prairie has

only been examined for spring burns and none of these studies were conducted in

Canada. In these studies, spider populations decreased following the fire but species

composition was not significantly affected (Nagel 1973, Rice 1932, Riechert and Reeder

1972). The results from this study agree with that trend, for both the abundance and

species richness data. The effect of the spring burn was immediate in that the abundance

of spiders in the spring treatment was lower in I99l than in any other year. The impact

of the sulruner and fall burns on spider abundance was not observed until the second year

(1998) and neither treatment had recovered to the abundance level of the refuge treatment

by 2000. Refuge treatments are considered to be analogous to unbumed prairie even

though they were surrounded by treatment squares. However, the abundance levels of

the refuge treatments may have been abnormally elevated due to migration from the

adjacent burn treatments during 1997. This dispersal may have occurred at the time of
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the bums or may have been due to the spiders avoiding the burned treatments after the

burns had occurred. Based on the 1997 data, spiders did move into the refuge treatments

following each of the bum seasons. Even if the spider abundance in the refuge treatments

was abnormally elevated, it appears that all treatments were approaching equilibrium in

2000. As for species richness, overall there were no significant differences among

treatments in any year, which follows observations made by Johnson (1995) and Riechert

and Reeder (1972). Based on the abundance and species richness data, the results of this

study parallel those of previous studies and agree with the hypothesis that fire is the

primary treatment effect, not the timing of the burn.

However, the hypothesis that fire is the primary treatment effect does not hold up

when the results from the diversity indices are used. Although some of the results were

not significant, the overall pattern was that the summer and fall treatments were

ecologically the best treatments and the refuge treatment was the worst. I am defining

ecologically best as having the highest species diversity index values (e.g. Shannon-

'Wiener, log series alpha index) but the lowest dominance diversity indices (e.g. Simpson

index, Berger-Parker index). This combination of high and low values for the various

diversity indices means that overall, the treatment has high species richness and high

evenness. The summer and fall treatments have this combination of diversity values.

This is important to prairie conservation because summer and fall burn seasons have not

been thoroughly examined or implemented as management options (Howe 1994, Collins

et ø1. 1998). The sum.mer and fall treatments were significantly greater for the majority

of the diversity measures in 1997 and 1998. However, by 2000 the differences were no

longer significant. Four years was sufficient time for the spider community to return to
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pre-burn conditions. Overall, all three burn treatments were better than the refuge and

control treatments. Based on the more detailed data analysis, the hypothesis that fire is

the primary treatment is false. The specific timing of the burn did have a major impact

on the resulting spider community as predicted by Howe (1994). However, the

hypothesis that the burn treatments are better than the refuge treatment is confirmed.

Effect of fire season on beta diversitv

The refuge and control treatments remained fairly similar for the duration of the

study although the similarity values were never the highest among the various treatment

comparisons. Although the treatments had similar alpha diversity values in 2000, the

sunìmer and fall treatments were more similar to each other than to the other treatments

based on the beta diversity analysis. Also, the spring and refuge treatments were more

similar to each other than to the other treatments. The similarity of the spring/refuge and

summer/fall treatment groups in terms of beta diversity also occurred in 1998 and 1999.

So although the four communities were similar at the community level, something

occured at the species level to make them split into these two groupings. In examining

the species abundance for 2000, the spring and refuge treatments were dominated by

Pardosa moesta in all blocks except block D. In contrast, P. distincta was the dominant

species in the suÍrmer and fall treatments as well as all treatments in block D. This was

the main difference at the species level and this difference affected the similarity values

(i.e. beta diversity) the most. Other species that were more abundant in the summer and

fall treatments were Hognafrondicola and Arctoso rubicunda. These species all

exhibited positive responses to the summer and fall burns in that they had abundance
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levels greater than those of the refuge. The original hypothesis based on previous studies

was that each species should have its greatest abundance in the refuge treatment. These

species do not follow this hypothesis and are therefore exhibiting a positive response to

fire season, specifically to summer and fall burns.

The beta diversity indices can also be used as an indicator of the biological

significance of differences seen in the alpha diversity indices. Although the alpha

diversity indices have biological meaning, a significant difference in the values between

two treatments might not be. For example, in 1998, the log series alpha index value for

the fall treatment (1 1.9) was significantly greater than the refuge treatment (9.a). This

difference of 2.5 could be due to differences in abundance of one species or all 128

species. The Morisita-Horn index value between the fall and refuge treatments in 1998

was 0.494 meaning that there was only 49.4% similarity between the two treatments.

Therefore, the statistical signif,rcance of the difference in log series alpha values also has

biological meaning because the two treatments were so different. In contrast, the

Morisita-Horn index values for the spring/refuge treatment comparison was 0.993 and

value of the summer/fall treatment comparison was 0.983. This means that any

significant difference in the alpha diversity values of these treatment pairs are unlikely to

have any biological significance. As the similarity between treatments increases, the

biological significance of any numerically significant differences decreases. By using the

similarity indices, it is easier to tell if there are arry biologically significant differences,

especially when the species richness is high as in this study. However, it is important to

keep in mind that the beta diversity measures also have their associated biases and

therefore caution should be taken when using them to determine biological significance.
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Effect of fire on the spider communities

The spider species living on the tallgrass prairie have a wide spectrum of

phenologies (Table 5). This results in the spider community responding differently to

different burn seasons as was predicted by Howe (1994) for plants. The phenologies seen

in the species present on the tallgrass prairie agree with published data (Aitchison 1984a),

although the specif,rc timing of the peaks does differ. Aitchison (l98 a) discussed the

various types of life histories in great detail. However, for this discussion, I will simply

refer to the life histories types by which season they had their peak adult abundance (e.g.

spring, summer, autumn). The majority of the species had peak abundances in the spring,

a few in the summer, and quite a few in the autumn. The fact that the majority of the

species peaked in the spring helps explain why all previous research on the effect of

spring burns primarily found an effect only on abundance not species richness. Early

spring burns would occur prior to the peak activity periods of most if not all spider

species. Therefore, they would readily recolonize the burned areas as they were moving

about, provided that the habitat and food availability were suitable. Abundance levels

would be less because the recruitment may not be great enough to balance those that were

displaced from the habitat initially. However, when a suÍlmer or fall burn is conducted,

it differentially affects the species present. It favours the species whose peak activity

periods are closest to the time of the burn. This specific timing of the burn could affect

competitive interactions among species. This seems to have been the case with the two

abundant species. The spring burn occurred before the peak activity period for P.

moesta, and therefore, P. moesta rcadily dispersed into the burned area soon after the fire

occurred. The activity of females of P. distincta later in the year was greater than that of



t07

P. moesta þersonal observation). Therefore, P. distincta females (presumably with

eggsacs) moved into the summer and fall burn treatments at a faster rate than P. moesta.

This difference in phenology resulted in two distinct spider communities forming: the P.

distincta-dominated community and the P. mo e s ta-dominated community.

An important consideration when deciding which burn season is best is

community stability (Collins 2000). A community that has high stability will be able to

resist disturbances and maintain its functionality (Holling 1973). An important aspect of

community stability is resilience, which is the rate at which a system returns to its former

state following a disturbance (Holling 1973). If fire is to become a predominant

management technique, then the community that is most resilient to the effects of fire

would be preferred. The P. distincta-dominated community is more resilient than the P.

moesta-dominated communities. In block D in 1997, the spring treatment was dominated

by P. distincta,but P. moesta became the dominant species in 1998 as it was in the other

blocks. In 1999, P. distincta once again became the dominant species and maintained

this dominance in 2000. In the summer and fall treatments of blocks A, B and C, P.

moesta was the dominant species in 1997. However, in 1998, P. distincta became the

dominant species and maintained this dominance for the remainder of the study. The P.

distincta-dominated community is more resilient in that it was able to return,o nr ror*.,

state faster than the P. moesta-dominated community. The P. distincta-dominated

community also exhibited resistance, another important component of stability. For the

summer and fall treatments in block D, the P. distincta-dominated community exhibited

resistance in that those treatments were always dominated by P. distincta, even though

there was a fire disturbance in 1997 . The P, distincta-dominated communities in the
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summer and fall treatments of the other blocks also showed resistance in that the

communities were maintained even though the adjacent refuge treatment had arelatively

high abundance of P. moesta. Based on these results, the prediction can be made that

once the spider community shifts to the P. distincta-dominated community, it will remain

as such as long as fire is a regular disturbance. Therefore, the P. moesta-dominated

community may be maintained only in unburned refugia. However, the results from

block D, in which the refuge treatment was dominated by P. moesta in 1997 and 1998 but

P. distincta became dominant in 1999 and 2000, would indicate that the P. distincta-

dominated community might eventually take over in the refugia as well. Since the P.

distincta-dominated community is the more stable community and no species would be

extirpated, a shift to that community would be beneficial in maintaining the tallgrass

prairie at the St. Charles Rifle Range as a top quality prairie ecosystem.

Pardosa distincta, Hognøfrondicola, and Arctosa rubicunda were more abundant

in the tallgrass prairie portion of the forest transect study. Only two individuals of P.

distincta were collected in the forested portion of the transect study as compared to 380

in the tallgrass prairie portion. The two individuals collected in the forested portion were

adult males and male spiders tend to be the most active sex (Aitchison 1984a), so the fact

they were captured in the forest is not ecologically significant. Also, no individuals of P.

distincts were found in the pond transect study. Therefore, P, distincta is a tallgrass

prairie specialist at the St. Charles Rifle Range. The positive response of P. distincta and

the other tallgrass prairie specialists in the summer and fall treatments is important

because this indicates that these treatments are the best for the entire habitat because what

is beneficial to the habitat specialists should be good for the habitat as a whole (BelI et al
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200i).

Comparison of species composition to other similar habitats

One hundred and twenty six species were collected at the tallgrass prairie of the

St. Charles Rifle Range. This is by far the most species collected from a single habitat

site within Manitoba although such studies have been limited (see Aitchison I984a,b,

lgg4,Aitchison and Sutherland 2000). Of the 126 species collected, 8 species were new

provincial records, compared to Aitchison-Benell and Dondale (1992). These are Ebo

iviei Sauer and Platnick, Eridantes utibilis Crosby and Bishop, Euryopis funebris (Hentz),

Euryopis gertschi Levi, Euryopis saukeaLevi, Goneatara nasuttts, Schizocosa

crassipalpala Roewer, and Schizocosa retrorsa (Banks). Interestingly, the majority of

the species collected that were new provincial records were fairly abundant and frequent

(see appendices). This is especially true of Goneatara nasutus, which had a total

abundance of almost 1000 over all four years in all habitats. Given that Aitchison

(Aitchison I984a,b,1994, Aitchison and Sutherland 2000) did the majority of her spider

research in Manitoba, it is surprising that the new records found at this study site would

be so common. It does support the idea that tallgrass prairie is an important and species-

rich habitat that is worthy of conserving.

Overall, 138 species were collected from all habitats sampled on the St. Charles

Rifle Range. The forest transect study yielded94 species of which nine were restricted to

the aspen forest portion of the transect. The portion of the aspen forest sampled did not

extend very far into the forest and therefore the high amount of species overlap was

probably due to the widespread movement of the species present on the tallgrass prairie.
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Also, the ecotone portion of the transect was not kept separate from the rest of the forest

samples and therefore the high overlap could also be from the traps set in the ecotone.

Nonetheless, there were nine species that were never caught in the tallgrass prairie and

presumably were not present outside the forest. The majority of these are known to be

forest specialists according to Aitchison-Benell and Dondale (1992). Since the sampling

on the tallgrass prairie was so intensive, I am confident that the forest specialists are

indeed forest specialists. As for the pond margin study, comparisons are hard to make

due to the great difference in collecting effort. However, the three species that were

unique to the pond margin study are probably adapted to wetter habitats. Overall, the

tallgrass prairie had a species composition very similar to the surrounding habitats.

However, there were species unique to each habitat and some species, most notably P.

distincta, had different abundances among habitats as well.

For faunal comparisons outside the St. Charles Rifle Range, the closest habitat to

compare is be Fort Whyte, Winnipeg, which was thoroughly sampled by Aitchison in the

late 1970's and early i980's (Aitchison I984a, b). The habitat sampled at Fort Wh¡e

was a wet meadodaspen forest ecotone with pitfalls set up in both the aspen forest and

wet meadow. This ecotone transect would be fairly similar to the habitats sampled in the

forest transect study of my project. The species compositions of the spiders from the wet

meadow of Fort Whyte and the tallgrass prairie of the St. Charles Rifle Range were fairly

similar. Species in common included Pardosa moesta, P. distincta, Alopecosa aculeata,

Centromerus sylvaticus, Xysticus ferox (Hentz), and Clubiona johnsoni Gertsch. In total,

there were 20 species in common between the two grassland sites. Overall, for all

habitats sampled at the St. Charles Rifle Range and Fort Wh¡e, there were 43 species in



111

cofitmon.

A comparison to the species composition of tallgrass prairies in the United States

also yielded some species in common. In Riechert and Reeder's (1972) study of the

Oliver and Curtis prairies in Wisconsin, species in shared with this included Pardosa

distincta, Høplodrassus signiftr (C.L. Koch), Schizocosa crassipalpata, Hogna

fr o ndi c o I a, Xy s t i cus di s cur s ans Keyserling, Xy s t i cus luct ans (C. L. Koch), Thanatus

formicinus (Clerck), and Clubiona johnsoni. In total, the tallgrass prairie at St. Charles

Rifle Range and Oliver prairie shared 12 species in common whereas the Curtis prairie

and St. Charles Rifle Range tallgrass prairie had eight species in common. The sampling

conducted by Riechert and Reeder (1972) was not as intensive as the sampling conducted

for this project. Therefore, the low number of species in common maybe due to this

difference in sampling intensity. The species that were shared among all the prairie sites

are not necessarily habitat specialists but they tended to be more abundant in the tallgrass

prairie portion of the forest transect of my study and may, therefore, prefer tallgrass

prairie or prairies in general. Pardosa distincta in particular was common in both

Aitchison's work and Riechert and Reeder's (1972) study but also showed strong

preference for the tallgrass prairie portion of the forest transect study. Therefore, it may

be a true prairie specialist.

Problems associated with experimental design

Overall, I am very confident that the trends seen in the data reflect reality and that

any recommendations I make based on the data will be appropriate. However, there are

some issues surrounding the experimental design that could have influenced the results. I
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will divide these issues into two subsections: experiment specific issues, and general

issues. I will also suggest ways in which these problems could be avoided in future

studies.

The main issue associated with the experiment specifically was the apparent

sorting bias for bulk samples in the lab. Over the four years, as many as ten different

people sorted the bulk samples. This could potentially influence how many spiders were

picked and which types of spiders were picked most often. There was a strong bias

favouring the larger and adult spiders in the first three years. Evidence comes from two

sources. The number of linyphiids was much greater in 2000 (5245 specimens)

compared to the f,irst three years (1475 specimens). Coupled with this is the percentage

of all adult spiders collected each year. In 1997 , 1998, and 1999, the percentage of adults

was around 80% but this percentage droppedto 600/0 in 2000. Linyphiids are an

abundant group of spiders in various habitats including grasslands (Bell e/ al. 2001,

Bennett 1999). However, linyphiids are small, somewhat cryptic spiders, as are the

juveniles of most spiders (Bennett 1999). The lack of an expert present during the first

three years and possibly an increased awareness of spiders in 2000 resulted in the

apparent bias. The removal of the linyphiid data from the analysis did not alter the

overall trends and therefore I am confident that my recommendations are valid.

However, certain linyphiid species are pioneer species (Bell e/ al.2001, Riechert and

Reeder 1972) and therefore impacts of fire on these pioneer species may have been

underestimated. For future studies, I would recommend keeping all samples separate and

appropriately labeled throughout the course of the study. If we had done this, then I

would have been able to sort the samples a second time to collect the spiders that were
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missed initially.

Another problem associated with the experimental design specifically is that the

treatment squares were adjacent to the refuge square. Based on the data from the

controls, the spiders in the refuge square were not trapped out. However, there was

evidence that the spider population was artif,rcially elevated due to spiders moving into

the refuge square during and after the prescribed burns. This is a problem because I am

comparing the abundance of the treatment squares to the refuge square so if the refuge is

higher than it should be, then the treatment squares might be doing better than the refuge

instead of vice versa. If the treatment squares were separated from the refuge square,

then this would have been less of a problem. How far to keep the squares apart is not

easy to determine because spiders can move considerable distances and habitat

heterogeneity also becomes an issue.

The last problem related specifically to the experimental design was the unequal

sampling periods per year. This made between year comparisons difficult because the

species active early in the year were missed in 1997 due to the late starting date for that

year. To avoid this problem, the start date for sampling should be the same for each year

so that sampling intensity is identical. The main reason why sampling started so late in

1997 was because the experiment had to be set up. As a result, there was only one pre-

burn sampling week in 1997. In hindsight, I would recommend sampling for an entire

season prior to the burns being conducted. This way more pre-burn data would be

available and any problems associated with the experimental design could be corrected

before the treatments were applied.
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The main problem associated with our experiment in general is the bias associated

with pitfall traps. Pitfall trap samples are known to be biased for many different kinds of

arthropods including spiders (Topping and Sunderland 1992). This is because pitfall

traps are really measuring the abundance of surface-active organisms, not the absolute

abundance. Topping and Sunderland (1992) collected strikingly different numbers of

spiders in winter wheat in pitfall traps compared to absolute density sampling. Of

particular relevance to my study were those differences seen among the Pardosa species.

Topping and Sunderland (1992) collected 363 individuals of Pardosa palustris

(Linneaeus) in pitfall traps but only 4 in absolute density sampling. Overall, 509

individuals of Pardosa (4 species) were collected in pitfalls compared to 8 in the absolute

density sampling. Similar differences were also observed for some linyphiid species.

Based on their results, it is possible that my high numbers of P. moesta and P. distincta

are not an accurate reflection of their absolute abundances in the habitat. Topping and

Sunderland (1992) suggested that pitfall traps are fine for within experiment analysis.

Topping and Sunderland (1992) also suggested that making broad generalizations based

on pitfall traps should be done with caution. Therefore, based on their recommendations,

using pitfalls to compare treatments within my experiment is valid but I should not use

this data to suggest that P. moesta and P. distincta are necessarily the tv/o most abundant

spiders. I should also not suggest that those two species are the two most important

species in the tallgrass prairie at the St. Charles Rifle Range or tallgrass prairie habitat in

seneral.
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Recommendations to tallgrass prairie managers

Based on the results of this study, the recommendation to prairie managers is to

incorporate all three burn seasons into the management strategy, using a four to five year

burn rotation. All three burn treatments had positive results compared to the refuge

treatment but each treatment had a slightly different outcome. By incorporating all three

burn seasons, the diversity of the entire site will be maximized. Refugia are still required

to protect species from the physical effects offire. Refugia are also needed to ensure

species restricted to the tallgrass prairie (e.g.P distincta) and species that prefer "old

growth" prairie are not extirpated. The P. moesta-dominated community may be

eliminated following these recommendations but it was the least stable community and

no species was restricted to this treatment, so the ecological significance of its loss would

be minimal. The spider communities should be monitored using pitfall traps to determine

the long term effects of burn management. These recommendations are in line with the

recoTnmendations based on the plant and ground beetle data proposed by Sveinson (2001)

and Roughley (2001), respectively. A detailed burn management strategy for the St.

Charles Rifle Range was developed by Roughley (2001) (see Appendix 6) and is fully

supported by this study.

In terms of the practical application of the proposed burn management strategy, it

would be no diffelent than current management practices. Current management practices

are predominately annual spring burns but our management strategy would be only one

burn a year but at different times of the year. Therefore, the total number of bums does

not change. It terms of the monitoring, pitfall traps are recommended because they are

the least labour intensive sampling technique. Ideally, more thorough sampling would be
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conducted but at a minimum, pitfall trapping should be done. The monitoring of P.

distincta and P. moesta would be simple as the two species are easy to distinguish from

each other and from other lycosids. The management strategy proposed by Roughley

(2001) (Appendix 6) will not require any additional labour or costs compared to the

current management strategy and therefore is practical to implement.

Future studies for tallgrass prairie research

Future studies are needed to examine factors that were not examined in this study

but that are relevant when these recommendations are implemented on a larger scale.

The first issue is the effect of burn size on recolonization rates. Our study plots were 50

meters by 50 meters, which is relatively small compared to normal burn areas, which

normally cover hectares. If the burn area is increased, this will presumably reduce how

quickly spider populations can recover following a fire. A larger burn area will also

presumably result in the more rapidly colonizing species invading first which will be

more noticeable because this effect will not be diluted which was probably the case in

this study.

The second issue is the specific timing of the burns. Our burns were conducted

on 6 June, 5 August, and 9 September for the spring, surnmer, and fall burns,

respectively. The spring burn of this study was relatively late for a spring burn compared

to other studies. Therefore, the impact on the spider community was presumably high

because many species were active during this time period. Spiders are active aII year

round, even in Manitoba (Aitchison 1984a), so there will never be an ideal time to

conduct the burns but avoiding the peak abundance periods would be best. Therefore,
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conducting spring burns earlier in the year would be best because relatively fewer spiders

are active. As for the summer and fall burns, they were relatively close together in this

study (4 weeks apaft) during a relatively low activity period for spiders based on pitfall

trap catches. This helps explain why the summer and fall burns responded similarly in

terms of the community structure. Based on the activity periods of the two most

dominant species, a fire anytime in July or later will result in P. distinctabecoming the

dominant species. The timing of the summer and fall burns in this study were

coincidently an optimum time in relation to spider activity. However, a wider separation

in the timing of the two burn treatments would presumably result in more disjunctive

outcomes and greater community diversity.

The last two issues deal with fire frequency and f,rre rotation sequence. In this

study, the spider populations in any of the burn treatments had not returned to the

population levels of the refuge treatment. Therefore, a fire rotation of at least four to five

years is recommended. Many spider species in Manitoba have two year life cycles

(Aitchison 1984a) and therefore annual burns, which are commonly used today, would be

detrimental to the spider community. The fire rotation issue is whether or not to use the

same burn season repeatedly on the same section of prairie. The alternative is use a

rotation system in which a spring burn could be followed by a summer or fall burn.

Presumably, the greater diversity in burn season sequence would maintain higher species

diversity and a more resilient spider community. A rotation sequence would result in the

P. distincta dominated community becoming the only spider community type in the

tallgrass prairie region of the St. Charles Rifle Range.
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Synthesis

The decision on when to burn tallgrass prairie is an important but complex

problem. Any type of disturbance will negatively affect an organism, at least in the short

term and therefore management decisions have to be made based on what is the best

overall. The results of this study in combination with the plant and ground beetle

analyses point towards all three burn seasons being appropriate for tallgrass prairie

management. Burning the tallgrass prairie was definitely better than not burning but

which burn season was best was not as straightforward. For the spiders, it appears

summer or fall is the best burn season. However, once the spider community shifts to the

P. distincta-dominated community, the results for spring burns might change. The most

important aspect to keep in mind is that no burn treatment had a negative long term effect

on any of the taxa examined. Therefore, any burn treatment could be used without

negatively affecting any particular faxa. The burn management strategy proposed by

Roughley (2001) is supported by three different researchers, examining three different

groups of taxa, each with its own ecological requirements. Therefore, the management

strategy is a consensus-based strategy and should be fully implemented to manage the St.

Charles Rifle Range effectively. This management strategy is practical and is no more

expensive to implement than current management techniques used on other tallgrass

prairie sites. Long term monitoring will ensure that this proposed management strategy is

indeed the most beneficial to tallgrass prairie and that tallgrass prairie is maintained

forever.
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SUMMARY

1. The burned treatments were ecologically better than the unburned treatment.

2. Overall, the summer and fall burns were better than the spring burn.

3. The P. distincta-dominated community was the most stable spider

community.

4. 126 spidel species were collected from the tallgrass prairie including eight

new provincial records.

5. Prairie managers should use a mosaic of all three burn seasons, following a

four to five year burn cycle as outlined by Roughley (2001) (Appendix 6).

6. Further studies are needed to determine the optimal time to burn for each

season and the effect ofburn size and frequency.

7 . Monitoring of spider populations, particularly P. distincta and P. moestø, via

pitfall traps should be conducted on a regular basis.
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Appendix l. Abundance of adult spiders per block per burn season treatment for species collected in tallgrass prairie at the

Agelenopsisacluosd 0 I | 2 4 2 0 0 I 3
Agroecaornata 2 | 0 0 3 0 0 0 0 0
Agroecapralensis 13 13 4 8 38 7 5 t 9 22
Asynetaallosubtilis 2 0 0 0 2 | 0 0 0 1
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Appendix 1. cont'd

species A B c DTotal A B c DTotal A B c D Totar A B c DTotal rotal
Evarchahoyi 0 2 1 2 5 I 3 0 I 5 0 0 I 0 I 0 I I 0 2 13
Gnapltosaparvula 4 0 3 I I 3 | 2 0 6 0 5 0 I 6 4 I 5 5 15 35
Gonatiumcrassipalpun 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Goneataranasutus 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 3 0 0 3 5
Grammonotaansusta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Grammonotaornatd 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 I I
Grammonotapictilis I 0 I 0 2 0 0 0 0 0 0 0 3 0 3 0 3 0 | 4 9
Habronattusdecorus 0 4 2 | 7 2 0 0 0 2 0 I I 0 2 0 0 I | 2 13
Hahniacinerea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2 2
Haplodrassushiemalis 3 0 2 | 6 I 0 2 0 3 I 0 0 0 I 0 3 3 4 l0 20
Haplodrassussisnifer 0 1 0 I 2 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 4
Hosna.frondicola620115426110264359423415931633159
Hypsosingapygmaea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Islandiana.flaveola 0 0 0 0 0 0 0 0 0 0 I I I 2 5 0 0 0 0 0 5
Islandianalonsisetosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Islandianaprinceps 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Kaestneriapullata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Micariaqerlscht 0 0 0 0 0 0 0 I 0 1 0 0 0 0 0 0 0 I 0 | 2
Micariapttlicaria 0 0 0 0 0 1 0 0 | 2 0 0 0 0 0 0 0 0 0 0 z
Micariarossica I 0 8 0 9 0 0 I 0 1 0 5 2 0 7 0 | 2 0 3 20
Mintetusepeiroides 0 0 0 0 0 0 0 I 0 1 0 0 0 I I 0 0 0 0 0 2
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Nerieneclathrata I 0 0 I 2 2 0 0 0 2 0 I 0 I 2 0 0 0 0 0 6
Nerieneradiata 0 0 0 0 0 0 0 0 0 0 I 0 0 0 I 0 2 0 0 2 3
Ozyptilaconspurcata 14 34 35 14 97 24 15 17 12 68 22 44 22 13 101 l8 12 19 7 56 322
Pach.ysnathadorothea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pachysnathatristriata I 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 I I z
Pachysnathaxanthostonn000000000000000000000
Pardcisadistincta 35 ll2 107 93 347 59 71 8l 209 420 77 68 81 241 467 ll9 74 95 182 470 1704
Pardosadromaea I 0 0 I 2 0 I 0 0 I 0 0 0 0 0 0 I 0 0 I 4
Pardosa.fuscula 0 0 0 I 1 0 0 I 0 I 0 0 0 0 0 0 I 0 0 I 3
Pardosantodica 4 | 0 4 9 0 3 0 | 4 0 I 0 I 2 0 I I 3 5 20
Pardosantoesta 388 116 42 50 596 338 260 192 69 859 334 229 178 70 811 558 459 278 275 1570 3836
Pardosaontariensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pardosaxerampelina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pelecopsisntensei 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pelesrinainsisnis 0 0 0 0 0 0 0 0 0 0 0 0 I 0 I 0 0 0 0 0 t
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Species A B C DTotal A B C DTotal A B C D Total A B C DTotal Total
Pocadicnemisamericana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Salticusscenicus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Schizocosacrassipalpata 0 I | 2 4 I 0 0 0 I 0 2 I I 4 0 0 0 6 6 15
Schizocosaretrorsa 0 0 0 0 0 0 I 0 0 I 0 0 0 0 0 0 0 0 0 0 I
Scotinellapusnata 2 0 0 0 2 0 I 0 0 I 0 0 0 3 3 I 0 0 0 I 7
Sersiolusdecoratus 0 0 0 0 0 0 0 0 0 0 0 I 0 0 I 0 0 0 0 0 I
Sersiolusocellatus I 0 0 0 1 0 2 0 I 3 0 2 0 0 2 1 0 0 0 I 7
Sinsakeyserlins, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sitticusstriatus 0 0 0 0 0 0 0 I 0 I 0 0 0 0 0 0 0 0 0 0 1

Steatodaa,nericana 0 0 0 0 0 0 I 0 0 I 0 0 0 0 0 0 I 0 0 I 2
Stemonyphantesblauveltae 0 0 0 0 0 I I 0 0 2 0 0 0 0 0 0 0 I 0 t 3
Talaveraminuta 0 0 I I 2 0 0 0 0 0 0 I 0 0 I 0 0 0 0 0 3
Tapinocybaminutd 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 2
Tetrasnathalaboriosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Thanatuscoloradensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Thanatusrubicellus 0 0 I 0 1 0 0 I 0 I 0 0 0 I I I 0 0 2 3 6
Thanatusstt¡atus 13 5 17 18 53 ll l0 13 11 45 2 15 13 8 38 ll 9 14 ll 45 f8f
Thantus.fornicinus 0 0 0 2 2 | 0 0 3 4 0 I | 2 4 0 0 0 3 3 t3
Tibellusmar¡tinrus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tibellusoblonqus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I I I
Trochosaterricola ll 4 4 3 22 3 2 3 I 9 3 2 2 0 7 7 6 7 6 26 64
Tutelinasi¡nilis 0 0 0 0 0 0 0 0 4 4 0 I 0 I 2 0 0 0 0 0 6
ll/alckenaeriadirecta 0 0 I 0 1 0 0 0 I I I 0 0 I 2 0 0 0 0 0 4
Walckenaeriaexigua 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
þIlalckenaeriapalustris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 I I
Walckenaeriapinocchio 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Walckenaeriaspiralis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Walckenaeriatibialis 0 0 0 0 0 0 0 0 0 0 0 0 I 3 4 0 0 0 I I 5
Xysticusantpullatus 8 31 24 4 67 51 22 29 36 138 35 38 30 31 134 24 15 19 l1 69 408
Xysticusdiscursans 3 3 I 0 7 | 0 4 0 5 0 2 3 0 5 2 0 0 I 3 20
Xysticusen,ertoni 0 0 2 | 3 3 I I 2 7 | 2 2 4 I 2 2 4 6 14 33
Xysticus.ferox5l5314745132977921446661735l22
Xysticusluctans I I I 5 I 9 2 | 6 f8 4 0 0 I 12 3 2 I 5 11 49
Xysticuspellax 0 0 0 0 0 0 I 0 0 I 0 0 0 0 0 0 0 0 0 0 I
Xysticustrisuttatus 0 0 0 0 0 0 0 I 0 I 0 0 0 0 0 0 0 0 0 0 I
Xysticustyinnipeqensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Zelotesfratris 36 9 25 4 74 6 21 22 11 60 9 20 22 l1 62 22 33 34 18 107 303
ZeloteslasalantLs 0 0 0 0 0 0 0 I 0 I 3 0 0 0 3 0 0 0 0 0 4
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Appendix 2. Abundance of adult spiders per block per burn season treatment for species collected in tallgrass prairie at the
St. Charles Rifle Ranee in 2000. See Fis. 3 for location of blocks.

Spring Summer Fall Rcfugc Control Grand
SneciesABCDTotalABCDTotalABCDTotalABCDTotalXYTotalTotal
Acanthepeirastellata 0 0 0 0 0 0 0 0 0 0
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Snecies A B C DTotal A B C DTotal A B C DTotal A B C DTotal X YTotal Total
Eyarchahovi 2 2 3 I I 0 0 I 6 7 2 3 6 5 16 0 0 5 2 7 | 8 9 47

Gnaphosa parvula
Gonatiumcrassipalpmn 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Goneatarandsutus 7 18 2 0 27 2 | 0 0 3 2 0 0 0 2 6 3 3 0 12 0 4 4 48
Grammonota angusta
Gramrnonotaornata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Grammonotapictilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Habronattusdecorus I 0 4 2 7 0 3 I I 5 I 6 5 6 18 5 I 0 2 I I 0 I 39
Hahniacinerea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Haplodrassushiemalis 2 0 5 0 7 0 0 3 0 3 0 0 0 I | 6 6 12 3 21 7 12 L9 51
Haplodrasntssisnifer I 0 I 0 2 3 4 3 I 11 I 6 0 2 9 I 0 2 1 4 0 0 0 26
Hogna.frondicola I 73 66 24 172 83 62 22 52 219 97 64 39 43 243 30 33 37 36 136 ll 6 17 787
Hypsosin4apyg¡naea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Islandianaflaveola 4 3 0 2 9 0 0 2 | 3 I 0 0 I 2 0 0 0 3 3 0 0 0 17

Islandianalon4¡selosa 0 0 0 0 0 I 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Islandianaprinceps 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Kaestneriapullata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Micarias,ertschi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Micariapulicaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Micariarossica 0 3 0 0 3 0 7 l2 | 20 0 2 3 0 5 0 I I 0 2 3 0 3 33
Mimetuseneiroides 0 0 0 0 0 0 0 0 0 0 1 0 0 0 I 0 0 I 0 I 0 0 0 2

Neoantisteamasna 0 0 0 0 0 0 I 0 | 2 0 0 0 0 0 I 0 0 | 2 0 I I 5

Neosconaarabesca 0 0 0 0 0 0 0 0 0 0 I 0 0 0 I 0 I 0 0 I 0 0 0 2

Nerieneclathrata I I 0 I 3 0 0 0 0 0 2 | 0 0 3 2 2 1 0 5 0 0 0 ll
Nerieneradiata 0 2 I 0 3 0 0 0 0 0 1 0 0 0 I I 2 3 0 6 0 0 0 10

Ozyptilaconspurcata 2 1l ll 0 24 4 3 0 2 9 4 6 I 3 14 l0 7 l0 5 32 8 7 t5 94
Pachysnathadorothea I 0 0 0 f 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I
Pachysnathatristriata 3 8 I 0 12 2 3 I I 7 3 I 0 I 5 3 1l I I 16 4 | 5 45
Pachygnathaxanthostoma I 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I
Pardosadistincta 61 139 175 93 468 192 142 115 156 605 153 130 155 109 547 255 176 185 196 812 l0l 236 337 2769
Pardosadromaea 0 0 0 0 0 0 0 I 0 I 0 0 I 0 I 0 0 I 0 I 0 0 0 3

Pardosa.fitscula 0 0 0 0 0 0 I 0 0 I I 0 0 I 2 0 I 0 0 I I 0 I 5

Pardosamodica 50 4 4 31 89 2 0 7 2 ll 2 5 3 0 l0 l0 36 23 16 85 '7 4 ll 206
Pardosamoesta 486 514 373 127 lS00 70 90 58 20 238 58 39 24 7 128 608 l1'Ì2 322 273 2375 233 172 405 4646
Pardosaontariensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I I 0 0 0 I
Pardosaxerantpelina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pelecopsisnenset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pelelrinainsisnis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I I 0 0 0 I
Phidippuswhittnani 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 I I 0 0 2 0 I I 6

Philodronushistrio 0 0 4 0 4 4 2 0 | 7 | 2 2 2 7 0 I 0 I 2 0 0 0 20
Phrurotimpusborealis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Piratainsularis 0 0 0 0 0 0 0 0 0 0 I 1 0 0 2 0 I 0 0 I 0 0 0 3

Pirataniruttus 9 12 5 2 28 5 5 I 0 ll I I 0 0 2 4 3 5 l0 22 2 0 2 65
PirataDiraticus 0 0 I 0 1 I I 0 I 3 0 2 I 0 3 0 2 3 2 7 1 0 I 15

4 0 3 7 14 I I 6 r 9 l 0 l 0 2 9 6 23 ls 53 5 I 13 9l
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Appendix 2. cont'd
ol Grand

Snecies A B C DTotal A B C DTotal A B C DTotal A B C DTotal X YTotal Total
Pocadicnemisamericana 0 0 0 I I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I
Salticusscenicus 0 0 0 0 0 0 I 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 |
Schizocosacrassipalpatd 3 2 0 3 I I 0 I 0 2 2 0 0 I 3 2 3 0 18 23 I 5 6 42
Schizocosaretrorsa 0 0 0 0 0 0 0 0 0 0 0 I | 4 6 0 0 0 I I 0 0 0 7
Scotinellapusnara 0 2 I 0 3 I 0 0 0 I 0 I I 2 4 2 I I 0 4 0 0 0 12
Sersiohtsdecoratus 0 0 0 1 1 I 3 6 0 l0 | 2 I 0 4 0 0 0 0 0 0 0 0 f5
Sersiolusocellatus 0 2 I 0 3 0 I 0 0 I I I I 0 3 I 0 0 0 t 0 0 0 I
Sinsakeyserlins, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sitticusstriatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 I 0 0 0 I
Steatodaanericana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Stemonyphantesblauveltae I 0 I 0 2 0 0 0 0 0 I I I 0 3 0 0 I 0 I 0 0 0 6
Talaveramirutta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tapinoc.ybaninuta 2 | I 0 4 | 0 I 0 2 3 0 0 2 5 0 I 0 0 I 2 0 2 14
Tetragnathalaboriosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Thanatuscoloradensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Thanatusformicinus 3 8 4 7 22 5 5 I I 19 2 7 3 9 21 3 7 9 15 34 2 5 7 103
Thanatusrubicellus 0 I 2 2 5 0 I 0 5 6 I 0 0 4 5 2 4 | 2 9 0 11 11 36
Thanatus striatus 14 17 17 10 58 13 18 17 t8 66 20 15 7 2 44 26 19 l8 7 70 I 17 25 263
Tibellusmaritimus I 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I
Tibellusoblonsus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Trochosaterricola 58 I7 28 I 104 I 5 2 0 8 4 5 3 3 15 5 21 26 15 61 7 2 I 203
Tutelinasimilis 0 0 0 0 0 0 0 0 I I 0 0 0 I I 0 0 0 0 0 0 0 0 2
llalckenaeriadirecta 0 I 0 2 3 2 0 0 0 2 0 0 0 0 0 0 0 I 0 I 0 I | 7
lValckenaeriaexigua 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 I 0 0 0 I
I4lalckenaeria\alustris 0 0 0 0 0 0 0 0 0 0 I 0 0 0 1 I 0 0 0 t 0 0 0 2
lValckenaeriapinocchio 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
lTalckenaeriasoiralis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Walckenaeriatibialis 0 0 5 0 5 0 0 I 0 I 0 I 0 0 I 0 0 0 0 0 0 0 0 7
Xysticusampullatus 4 l7 16 4 41 12 17 l1 10 50 29 2l 12 ll '13 l0 16 22 3 5l 13 12 25 240
Xysticusdiscursans 0 I 3 3 'l 0 I 3 I 5 2 | 4 | I I I 3 0 5 0 0 0 25
Xvsticusemertoni 4 4 27 0 35 3 3 3 I 10 0 0 0 2 2 3 14 32 10 59 21 31 52 158
Xysticus.ferox 5 21 26 22 74 I 13 I 22 5l 13 4 27 30 74 9 38 35 3l lf3 A 31 45 357
Xysticusluctans I 0 3 t 5 6 3 3 6 18 5 3 I 3 12 3 5 2 3 13 2 5 7 55
Xysticuspellax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Xysticustri4ütatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Xysticusvtinnipeg,ensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Zelotes.fratris 33 18 42 12 105 6 16 7 7 36 7 1I l0 9 37 28 43 49 39 159 40 41 8l 4r8
Zeloteslasalanus 0 0 t 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I
Z/o¡essala 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

878 1007 952 44r 3278 srr 494 354 384 1743 515 397 359 3ll ls82 1161 180s 9ss 833 4754 55r 1t7 1268 r262s NJ



Appendix 3. Abundance of adult spiders per block per burn season treatment for species collected in tallgrass prairie at the
St. Charles Rifle Ranee in 2000. See Fie. 3 for location of blocks.

Spring Summer Fall Refugc Control Grand
speciesÄBcDTotalABcDTotalABCDTotalABcDTotalxyTotalTotal
Acanthepeirastellata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 I 0 0 0 I
Agelenopsisactuosa 0 0 0 3 3 0 0 2 I 3 0 1 I 0 2 | 2 | 2 6 0 3 3 l7
Agroecaornata 6 3 5 0 14 0 4 l 2 7 2 0 1l I 14 8 4 9 0 21 2 | 3 59
Agroecapratensis 72 104 58 28 262 73 60 33 30 196 68 68 l7 21 174 68 165 87 60 380 73 84 157 1169
Agtnetaallosubtilis I I 0 I 3 I 0 I 0 2 2 | 5 0 I 0 4 0 0 4 0 0 0 17
Allomengeadentisetis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Alopecosaaculeata 50 61 62 30 203 37 44 30 19 130 44 21 15 13 93 36 43 59 60 f98 55 88 143 767
Araneustrifolium 0 0 0 0 0 0 0 0 0 0 0 0 0 I I 0 0 0 0 0 0 0 0 I
Arctosaemertoni 0 0 I t 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2
Arctosaraptor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2 0 0 0 2
Arctosarubicunda 2 | 0 8 11 13 3 I 6 23 7 2 2 9 20 3 2 2 7 14 | 4 5 73
Argennaobesa 8 1 0 0 9 0 0 0 0 0 I 0 0 0 I t 3 2 2 8 I 0 I 19
Argiopetrifasciata I 0 0 0 I 0 0 0 0 0 0 0 0 I I 0 0 0 0 0 0 0 0 2
Bassanianautahensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bathyphantescanadensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bathyphantespallidus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
castianeiradescripta 0 0 I 0 I 0 0 0 3 3 2 2 0 2 6 I 0 0 2 3 0 I | 14
Castianeiralongipalpa 4 I 9 8 29 I 3 | 4 16 5 l0 0 9 24 5 9 6 6 26 5 5 l0 105
Centromerussylvaticus 2 2 0 I 5 6 6 0 2 14 0 5 0 I 6 2 19 5 I 27 3 2 5 57
Ceraticelusfissiceps I 0 5 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6
Ceraticeluslaetus 7 4 5 I l7 I 0 0 0 I 5 I 0 0 6 ll 2 2 I 16 0 0 0 40
Ceraticeluslaticeps 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ceratinellabrunnea 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 z
cicurinaarcuata 7 l8 2 3 30 6 12 6 14 38 4 34 7 7 52 7 I 3 7 25 7 5 12 157
Clubionaabboli 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
clubionajohnsoni 3 1 5 I 10 2 | 2 0 5 6 3 0 I 10 I I 3 I 6 2 3 5 36
Clubionamoesta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
collinsiaplumosa 0 1 I I 3 2 0 4 0 6 0 0 I 0 I 0 0 0 0 0 0 0 0 10
Dictynafoliacea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 1 0 0 0 I
Dolomedesstriatus 0 0 0 I I 0 0 I r 2 0 0 0 I I 0 0 0 0 0 0 0 0 4
Dolomedestriton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Drassyllusdepressus 0 0 0 2 2 0 | 2 | 4 0 I 0 0 I 0 I I 2 3 0 2 2 lz
Drassyllusniger 1 2 2 0 5 3 6 2 0 11 0 2 0 0 2 0 0 0 0 0 0 2 2 20
Eboiviei 0 0 1 0 I 0 0 0 0 0 0 I 0 0 I 0 0 0 0 0 0 0 0 2
Enoplognathantarnørata104315327171815572420111671723012071179
Eperigonetrilobata | 4 I 0 6 I 0 I 2 4 2 2 I 0 5 t 2 0 0 3 0 I I 19
Eridantesutibilis I I 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2
Erigoneatra 0 0 0 0 0 t 0 0 0 I 0 I I 0 2 0 0 0 0 0 0 0 0 3
Erigoneblaesa 0 0 0 0 0 0 0 I 0 1 0 0 I 0 I 0 0 0 0 0 0 0 0 2
Erocanionis 3 I 3 I 8 I 0 0 2 3 I I 0 I 3 0 I 0 2 3 I 0 I 18
EuryopisJunebris 12 14 22 5 53 ll 3 tl 0 25 13 7 l0 4 34 4 l0 15 5 34 l8 6 24 t70
Euryopisgertschi 5 I | 4 11 0 0 0 0 0 0 0 0 I I 3 3 t 0 7 0 5 5 24
Euryopissaukea 0 | 0 0 | 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 4 4 7
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Appendix 3. cont'd

Species A B C DTotal A B C DTotal A B C DTotal A B C DTotal X YTotal Total
Evarchahoyi 2 2 0 0 4 I 0 0 | 2 I 0 0 0 t 0 0 0 2 2 1 2 3 12
Gnaphosa parvula
Gonatiu,ncrassipalpun 0 0 0 0 0
Goneataranasutus 2 6 2 6 16 2 6 4 12 24 4 8 5 15 32 l 7 1 l0 19 3 3 6 97
Grammonota angusta
Gram,nonotaorndta 0 I 0 I 2 0 0 t 2 3 0 0 0 0 0 0 0 I 0 I 0 0 0 6
Grammonotapictilis 9 5 I 0 15 0 0 2 0 2 | 2 3 0 6 I 1 2 | 5 2 5 1 35
Habronattusdecorus I 2 0 0 3 I 0 I 1 3 | 2 0 I 4 0 0 I 2 3 I 0 | 14
Hahniacinerea 2 | 0 0 3 I 0 0 0 I 0 0 0 0 0 I 0 I 0 2 0 0 0 6
Haplodrassushiemalis 6 3 6 I 16 3 2 2 0 7 2 I 0 0 3 6 6 I 3 2 ll 2 13 4l
Haplodrassussignifer I 0 0 I 2 | 3 0 0 4 I 3 I 0 5 0 I 0 0 I 0 0 0 12
Hognafrondicola 16 30 31 11 88 27 l0 25 19 8l 28 24 21 19 92 17 20 24 16 71 16 7 23 361
Hypsosingapygmaea I I 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2
Islandianaflaveola 0 0 0 0 0 0 0 0 0 0 0 I 0 0 I 0 0 0 I 1 0 0 0 2
Islandianalongisetosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Islandianaprinceps 0 0 0 0 0 1 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 I | 2
Kaestneriapullata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Micariagertscht 0 0 0 0 0 0 0 0 0 0 0 0 3 0 3 0 0 0 0 0 0 0 0 3
Micariapulicaria I 0 0 0 I 0 I I 0 2 0 0 0 0 0 0 1 4 0 5 1 0 | 9
Micariaross¡ca 0 0 0 I I t 2 2 3 I I 8 4 0 13 0 0 I 0 1 0 I I 24
Minetusepeiroides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 I I
Neoantisteamagna 0 0 0 0 0 0 I 0 0 I I 0 I 0 2 I 0 I 0 2 2 0 2 1
Neosconaarabesca I 0 0 0 I 0 0 0 0 0 0 I 0 0 I 0 0 0 0 0 0 0 0 2
Nerieneclathrata 6 12 2 0 20 2 3 I I 7 3 I 0 0 4 3 7 I 0 ll 2 0 2 44
Nerieneradiata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ozyptilaconspurcata 16 27 t4 3 60 8 1 4 3 16 14 25 ll 2 52 36 20 13 11 80 24 19 43 251
Pachygnathadorothea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pachygnathatristriata 4 9 6 0 19 6 ll 5 I 23 8 3 | 2 14 2 6 6 2 16 2 | 3 75
Pachygnathaxanthostoma 0 0 0 0 0 0 0 0 0 0 0 I 0 0 I I 0 0 0 1 0 0 0 2
Pardosadistincta lll 166 215 128 620 212 222 277 214 925 184 238 203 209 834 l7l 146 164 232 713 120 299 4lg 35ll
Pardosadronaea 0 0 0 0 0 0 0 0 0 0 0 0 2 | 3 0 0 0 0 0 0 0 0 3
Pardosafuscula 2 0 0 0 2 | 2 0 0 3 0 0 2 0 2 0 0 2 0 2 0 0 0 9
Pardosamodica 22 7 l0 17 56 2 16 29 0 47 1 2 4 4 ll lt l8 26 9 64 29 I 30 208
Pardosamoesta 428 374 284 104 ll90 190 175 156 20 541 163 157 69 59 448 350 640 298 219 1507 298 l8l 479 4165
Pardosaontariensis I 0 0 0 I 0 0 0 0 0 0 0 I 0 I 0 0 0 0 0 0 0 0 2
Pardosaxerampelina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pelecopsismengei 0 0 0 0 0 0 0 0 0 0 0 I 0 0 I I 0 I 0 2 0 0 0 3
Pelegrinainsignis 0 0 I 0 I 0 I 0 0 I I 0 0 0 I 0 I 0 0 I 0 0 0 4
Phidippuswhittnani 0 0 I 0 I 0 0 I 0 I I 0 0 0 1 I 0 0 L 2 0 I 1 6
Philodromushistrio I 0 I 3 5 0 I 0 3 4 I 0 0 2 3 I 0 0 1 2 0 0 0 14
Phrurotimpusborealis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Piratainsularis I 0 0 0 I 0 0 0 0 0 0 I I 0 2 0 0 0 0 0 0 0 0 3
Piratantinutus42162253192436685313l'1336419724548513241
Piratapiraticus 2 0 0 2 4 0 0 0 I 1 0 0 5 0 5 0 I 0 0 I 0 4 4 15

ll 8 5 2 26 0 I 6 2 9 2 2 | r 6 1l ll I 3 33 I 3 ll 8s
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Appendix 3. cont'd

Species A B C DTotal A B C DTotâl A B C DTotâl A B C DTotal X YTotal Totâl
Pocadicnemisantericana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 2
salticusscenicus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 I 0 0 0 I
Schizocosacrassipalpata 2 7 3 l7 29 8 2 13 3 26 8 I I I 18 13 6 | 26 46 | 7 I 121
schizocosaretrorsa 1 0 0 I 2 1 I 0 0 2 I 0 4 | 6 0 0 0 0 0 0 0 0 l0
Scotinellapugnata 1 0 2 | 4 3 0 3 | 7 0 3 I I 5 I 0 I I 3 0 I | 20
Sergiolusdecoratus 2 0 0 I 3 3 I 13 I 18 0 0 3 0 3 I 0 0 0 1 0 0 0 25
Sergiolusocellatus 0 I 0 I 2 0 I 0 0 1 2 0 0 0 2 0 0 0 0 0 0 0 0 5

Singakeyserling, 0 0 I 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I
sitticussÍriatus 0 0 0 0 0 0 0 I 0 1 0 0 0 0 0 0 I 0 0 I 0 0 0 2
Steatodaanericana 0 0 0 0 0 0 0 0 0 0 0 0 I 0 I I I 0 0 2 0 0 0 3
Stemonyphantesblauveltae I 0 0 0 I 0 0 0 0 0 0 2 0 0 2 0 I 0 0 I 0 0 0 4
Talaveraminuta I I 2 0 4 | 0 0 0 I 0 0 0 0 0 2 2 0 0 4 | 1 2 ll
Tapinocybanüruta I 0 0 0 1 0 I 0 0 I I 0 0 0 I 0 0 0 0 0 0 0 0 3
Tetragnathalaboriosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Thanatuscoloradensis 0 0 I 0 1 I 0 I 0 2 0 I 0 0 1 I 2 0 | 4 0 0 0 8
Thanatusfornticinus4l8922644822656522225413l3483
Thanatusrubicellus 0 0 I 3 4 0 0 0 2 2 I 0 0 z 3 I 0 0 3 4 I 3 4 l7
Thanatusstriatus 5 13 t8 3 39 5 6 8 3 22 ll 8 4 4 27 16 9 1l 3 39 4 | 5 132
Tibellusmaritimus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tibellusoblongas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I I I
Trochosaterricola 34 6 13 5 58 4 4 5 2 15 | 7 5 4 17 14 25 ll 6 56 13 2 15 t6l
Tutelinasitnilis 0 0 0 0 0 0 0 0 3 3 0 0 I I 2 0 0 0 0 0 0 0 0 5
walckenaeriadirecta I 0 0 0 I 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 3
Walckenaeriaexigua 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I I I
Ilalckenaeriapahrstris 0 0 I 0 I I 0 0 0 1 I 0 0 0 I 0 0 0 0 0 0 0 0 3
Walckenaeriapinocchio 0 0 0 0 0 0 I 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 I
lilalckenaeriaspiralis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Walckenaeriatibialis 0 0 0 0 0 0 0 0 I I 0 0 I 0 I 0 0 0 0 0 0 0 0 2
Xysticusampullatus 13 20 31 9 73 19 ll 15 13 58 33 14 16 17 80 27 10 27 12 76 25 26 51 338
Xysticttsdiscursans 0 I 2 4 7 4 1 ll 0 16 4 | 4 0 9 0 | 2 0 3 I 0 f 36
Xysticusemertoni 5 2 10 2 19 2 3 3 0 I 2 2 2 0 6 2 6 4 2 14 9 9 f8 65
XysticusJerox 20 16 2l I 65 12 8 26 7 53 l0 9 l0 I 30 8 9 2122 60 19 16 35 243
Xysticusluctans 5 10 6 3 24 5 5 I 3 14 7 2 4 2 15 4 6 5 6 21 2 4 6 80
Xysticuspellax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Xysticustriguttatus 0 0 0 0 0 0 0 I 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 I
Xysticus'winnipegensis 0 0 0 0 0 0 0 0 0 0 0 0 l 0 l 0 0 0 0 0 0 0 0 t
klotesfratris 27 38 44 l0 ll9 13 7 20 I 48 16 16 6 6 44 46 40 31 28 145 41 33 74 430
zeloteslasalanus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Grand

Total

Appendix 5. Adult abundance of spider species by year and subsection collected on the St. Charles Rifle Range frorn I 998

to 2000. Pitfalls 1-5 and l6-21 were in tallgrass prairie. Pitfalls 6-10 and 1l-15 were in aspen forest.
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Appendix 6. Bum management plan for tallgrass prairie region of St. Charles Rifle
Range (from Roughley 2001).

The conclusions based on a combination of arthropod and plant data are that a

mosaic pattern of bum treatments would be most appropriate for maintenance and

management of tallgrass prairie habitat. The nature of unmanaged prairie prior to human

intervention was an unknown and unknowable pattern of disturbance. However, from the

literature, reporls of travelers, historical weather pattems and the information provided in

this study it is becoming clear that the scale of variation was continuous and composed of

many factors. For instance,in a drier climatic cycle the fuel load could burn at any time

of year producing a subsequent pulse of green vegetation, which might attract large

herbivores that would further disturb the prairie. These kinds of disturbance were

happening continuously and the plants and animals of the prairie, over time, became

adapted to it. Suppression of these disturbances has led to a degradation of prairie.

Obviously we can not control climate as a disturbance. We are unlikely to ever again

achieve the pulses of large herbivores of historical times. The most appropriate method

of historical disturbance would be fire.

So when is the most appropriate time of year to burn the tallgrass prairie of

SCRR? The results of our study suggest that there is no single most appropriate time of

year to achieve appropriate health and species diversity of tallgrass prairie. Rather a

mosaic of burns was the historical pattern and would be the most appropriate pattern of

present day disturbance. The timing of the burns should be spread among spring,

surnmer, and fall burns and each time leaving some somewhat older portion of the prairie

as a refuge. Some of these should probably be overlapping at intervals.
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The following schematic is proposed for all of the area of SCRR north of the rifle

buts. SCRR is divided into arbitrary north-south units labeled W, X, Y, and Z and east-

west units labeled 7 , 2, and 3 . Each unit is therefore I I 12 of the area north of the rifle

butts. The burn regime outlined here is independent of a poplar management plan. We

suggest that various blocks of the base be burned in a rotation system among years. With

the nofihernmost strip (V/1, W2, W3) burned in one season (for instance, spring 2001),

followed the next year by a summer bum across the southernmost strip (21,22,23).

This burn could occur in the summer of 2002. In year three (2003), the easternmost strip

would be bumed in the fall. This would mean that two blocks, W3 and 23, would both

have received treatments within the first three years. A scheme of burn management is

laid out for nine years of the plan, below. The suggestion of this plan is based in part on

the plant, insect and spider data from the present study but also it takes into consideration

some forest management plans developed for sustainable harvest of forests. In year ten,

the plan would revert to the burn regime suggested for the present year one.
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